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Medical 


R. LOMAX WELLS, M.D., Washington, D. C. 


Nearly half a century has passed since 
President Theodore Roosevelt issued an 
order that all Army and Navy officers were 
to receive an annual physical check-up. This 
resulted from the shock he experienced in 
finding that so many of the officers were 
fat or otherwise physically unfit. In 1922 
the American Medical Association officially 
approved physical check-ups. In the three 
and a half decades since then there have 
been frequent admonitions to the population 
at large to get periodic examinations. The 
vast majority of Americans have failed to 
heed this advice. A recent survey! in the 
State of Washington revealed that only 3% 
of all visits to physicians’ offices were for 
health check-ups. If this can be presumed 
as applicable to the population at large, 
then there is good reason to be concerned. 
The public simply is not availing itself of 
the medical profession’s knowledge in the 
fields of preventive medicine and the early 
detection of disease. 

Undoubtedly there are many reasons why 
people fail to interest themselves in periodic 
health appraisals. Chief among these would 
appear to be: (1) fear that the physician 
will actually find something wrong; (2) that 
peculiar human reaction, “It can’t happen 
to me’; (3) cost of the examination—‘an 
ounce of prevention may be worth a pound 
of cure,” but it would appear that most 
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people do not believe this to be true insofar 
as periodic health check-ups are concerned; 
(4) concern of the busy private practitioner 
of medicine with the care of the sick pa- 
tient; (5) to some extent, specialization in 
medicine, and, finally, (6) some peculiar 
quirk in the nature of many that makes 
them feel self-conscious about going to a 
physician when they feel well. Some un- 
doubtedly view a visit to a physician as a 
mark of weakness or as the “stigma” of 
being neurotic. Others pass off their failure 
as an excuse, “not wanting to bother the 
busy doctor,” or simply indulge themselves 
in delay and procrastination. Some say they 
are too busy. Feeble excuses—all of them! 

It is apparent that there is a place for 
the periodic health appraisal in industry; 
that such appraisals can and should be done 
is obvious to those of us concerned with 
the total health of employee groups. There 
are some roadblocks in the development of 
a satisfactory program of periodic health 
examinations. Some of these are real, some 


fancied, but none unsurmountable. 

The extent to which such a program 
should be, and can be, developed within 
any industry is dependent upon a number 
of variables. Among these are the follow- 
ing: 1. Nature of the industry. What prod- 
uct does it manufacture, or what service 
does it offer to the consumer? What haz- 
ards are inherent in the manufacturing 
process and the working environment? 
Herein lie the problems of toxic gases, dust, 
fumes, chemical processes, exposure to the 
elements, and safety and accident preven- 
tion. The distribution of the employee pop- 
ulation with respect to age, race, and sex 


503 


= 3 


A.M 


produces additional variables. So does the 
concentration of employees into closely knit 
groups, large in size, as contrasted with 
widespread geographic distribution of em- 
ployees into small groups. The location of 
the industry in relation to existing medical 
facilities is a factor not to be overlooked. 
2. Attitude and support of management with 
respect to medical services. What manage- 
ment can and should expect of its medical 
departments must be understood. Progres- 
sive management depends upon its medical 
advisers for wise counsel and sound judg- 
ment in these areas. 3. Medical reasons for 
such examinations. What kind of examina- 
tions to offered. These will be 
discussed later in some detail. 4. Extent of 
in-plant medical facilities. These must be 
well organized with a competent staff of 
physicians and nurses. Medical coverage 
varies, with employment of full-time or 
part-time physicians with regularly sched- 
uled hours each day, or a visit to the plant 
by the physician only at certain hours on 
certain days, or with the physician on an 
“on-call” basis only. 5. Where the exam- 
ination is performed—(a) on the premise, 
(b) off premise in a clinic, or (c) in the 
individual private physician’s office. 6. Spe- 
cialty of the examining physician. 7. Co- 
operation and _ interest the personal 
physician and the local medical society. 
With respect to the industrial physician 
and his relationship with the private physi- 
cian, it must be stressed that understanding 
between these two is essential to the success 
of any program. The American Medical 
Association has adopted as one of its guid- 
ing principles? the philosophy that the in- 
terjection of a third party (the employer) 
with a valid interest does not disturb the 
accepted ethical relationship between physi- 
cian and patient. Twenty-two years in an 
industrial medical department (thirteen of 
these part-time and nine full-time) have 
convinced me that an effective job can be 
done within industry only with the support 
of the private -physician—that the per- 
sonal physician and the industrial physician 
can work together as a team whose common 
304 
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welfare of the individual 


patient and employee. 

MeGill* has this to say: 

The modern concept of industrial or occupational 
medicine is preventive medicine at the industrial 
level. Effective practice means that the doctor, 
whether full-time or part-time, should devote his 


interest is the 


time and energies to anticipating and preventing 
illness, injury, and disability. 

Industrial medical services are directed toward 
maintenance of health of personnel. The provi- 
sion of necessary medical care, usually emergency, 
does promote efficiency and improved employee 
morale. All health services must be based upon the 
health, efficiency, and inter-personal relationship 
of the individual, who is still the fundamental unit 
of our society. This being the case, the continued 
improvement in health services for workers is a 
prime concern. The continuous improvements in- 
volve changes! As these affect, and often effect, 
medical services, industry needs medical consulta- 
tion to properly direct or keep up with the con- 
tinued changes. This becomes especially important 
as industry is being required (by negotiation) to 
underwrite the new prepaid insurance and funded 
reserve medical care plans. This introduces a 
legally constituted third party between the doctor 
and the recipient of the company-paid medical 
Industry as well as organized medicine 
are aware of this 
its direct effect on the personal nature of actual 
medical services. 

For years industry has been fully aware of its 
responsibility in providing emergency medical serv- 


Services. 
important socializing force and 


ices. It is now slowly realizing its opportunities, 
as well as responsibilities, for providing the pre- 
ventive services, or for using those industrial health 
available. 

It would be unrealistic and unreasonable 


Services 


for every business and industry in a com- 
munity to expect each and every private 
physician in that community to be ac- 
quainted with the specific jobs, working 
conditions, and materials of their plants. 
The industrial physician is qualified and 
equipped to counsel with the individual em- 
ployee, the employer, and the private physi- 
cian in order to insure the safest and most 
effective job placement and continuity of 
productive work. There should be good 
rapport and frequent communication be- 
tween the personal physician and the indus- 
trial physician the of the 
individual employee. It is axiomatic to the 
medical department of our companies that 


in interest 
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we, as the physicians in industry, shall do 
what is best for the individual employee. 
In so doing we know we will be doing what 
is best for the business. 

Discussion of examinations in the indus- 
trial environment will be limited here to 
The fol- 
lowing broad outline may be useful : 

Health Examinations 
1. Executive and supervisory—(a) voluntary 
and (b) obligatory 


the periodic health examination. 


I. Periodic 


2. Nonsupervisory—(a) voluntary and ()) 
obligatory 

3. Machine and motor-vehicle operators—(a) 
obligatory 

4. Workers exposed to the controlled hazards 
of chemicals, gas, dust, fumes, ete.—(a) 
obligatory 

5. Employees with known conditions which 
may be progressive—(a) 
renal disease—(1) anginal or 
congestive failure; (2) hypertension; (3) 
arteriosclerosis; (4) peripheral vascular dis- 
ease; (5) varicose veins, and (6) nephritis 
(b) Diabetes mellitus 
(c) Neuromuscular disorders 
(d) Arthritis 
(e) Optic disease—(1) cataracts; (2) reti- 

nopathy, and (3) other 

(f) Alcoholism 
(h) 
(1) Malignancy—known 


Cardiovascular 
history of 


Syphilis 

Occupational disease 

and treated, or 
suspected and under close observation 

6. Arrested tuberculosis cases 

7. Repeater sickness cases 

8. Preretirement physical 


age appraisal 


medical consultation and counseling 


9. Physical evaluation of employees being 
considered for pension because of disability 
10. Disability pensioners—(a) regular on a 


routine basis—voluntary and (>) irregular 
—specific request of pensioner 
II. Occasional Examinations 
1. Return to duty after illness or injury 
2. Voluntary for specific advice 
III. Examinations in Connection with Rehabilita- 
tion of Employees 
These may be in connection with the re- 
habilitation of cases of self-limiting proc- 
esses (temporary partial disability) or per- 


manent job 


reassignment 
partial disability) 

IV. Mass Chest X-ray Surveys 

V. Diabetes Detection Programs 

VI. Mental Health—Psychiatric Evaluation 


(permanent 


MEDICAL EXAMINATIONS IN INDUSTRY 


It can be seen that there are wide varia- 
tions in the reasons why employees might 
be examined under an industrial health pro- 
gram. In view of these variations we should 
give some consideration to the scope of the 
examination given on a periodic basis. Ob- 
viously the extent of the examination will 
vary with the reasons for the examination. 
It should be pointed out, however, that 
periodic examinations within an industry 
are not designed to be completely definitive 
in their nature. Fundamentally they should 
serve as a base line of sufficient scope to 
enable the industrial physician to seek ap- 
propriate consultation and to direct the em- 
ployee to the private physician for further 
study and treatment. 

In order to illustrate, may I describe the 
voluntary periodic health examination pro- 
gram for executives which was instituted in 
The Chesapeake and Potomac Telephone 
Companies in the fall of 1947. This pro- 
gram was offered to men at the department- 
head level up. Over a period of seven years 
63 employees have participated. Two hun- 
dred forty-three examinations have been 
All these 
examinations, with the exception of several, 


done on these sixty-three men. 


were done by me personally. At the time 
of the first examination, 60% of the par- 
ticipants were in the 40-50 age group. In 
1955, fifty-five per cent of them were in 
the 50-60 age group. Examination consisted 
of a complete history, complete physical ex- 
amination, hemogram, blood sedimentation 
rate, urinalysis, serological test for syphilis, 
electrocardiogram, and chest x-ray examina- 
tion utilizing the 14X17 plate. If the find- 
ings on any of these examinations indicated 
the need for further study, the employee 
was referred to his personal physician. If 
he had none, or if the need of a specialist 
was indicated, he was referred to a physi- 
cian in the community. In this group of 63 
men a total of 323 medical diagnoses were 
made. The following were the commonest : 
(1) overweight—13; (2) tension and anx- 
iety state—17; (3) visual refractive errors 
—49; (4) hypertension—12; (5) diseases 
of the coronary artery—7, of which 4 were 
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with occlusion (including 2 deaths), and 3 
were without occlusion, and (6) diseases of 
the veins—29, of which 20 were hemor- 
rhoids. Ten surgical procedures resulted 
from these studies. Out of the 63 partici- 
pants 43 were referred to outside physi- 
cians; this was 70% of the total. Eight per 
cent were referred to dentists. I have 
known the majority of these men long and 
well. Some of them were my private pa- 
tients before [ took my present position on 
a full-time basis in 1947. Their health 
habits are well known to me. I am quite 
sure, like the majority of people, they 
would not have sought out their own physi- 
cians for periodic examinations in the ab- 
sence of complaints. However, having such 
examinations made available to them on a 
regular basis, regardless of whether they 
had complaints or not, it is the number of 
abnormal findings and the large percentage 
of referrals to outside physicians that are 
significant. This program points out the 
value of periodic health examinations in the 
early detection and prevention of many ab- 
normalities. It points out too that, rather 
than taking patients away from the personal 
physician, such a program sends patients 
to him. In a number of instances the fact 
that we had yearly electrocardiograms, 
which could be used for comparative pur- 
poses where coronary artery disease was 
suspected, was of invaluable help to the 
attending physician. 

Industry has an obligation to check peri- 
odically those workers exposed to the haz- 
ards of the specific industry. This is a job 
which by its very nature can usually be 
most effectively done by the physician work- 
ing within the industry. There are, of 
course, exceptions to this. 

One of our most fruitful fields lies in 
the examination of employees with known 
conditions which may be progressive. Again, 
people being what they are, a worker is not 
inclined to seek regularly the advice of his 
personal physician, even though he has been 
advised how often he should be seen in the 
physician’s office. We find this to be par- 
ticularly true in those with hypertension, 
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obesity, and diabetes. By checking peri- 
odically on those persons with conditions 
which are known to be progressive, we are 
able to do several things. First of all, if 
there is evidence of progression, the em- 
ployee is immediately referred to his per- 
sonal physician. We can also judge whether 
or not it is safe to maintain the employee 
on the job or whether some modification in 
his assignment should be made in the in- 
terest of his welfare and that of his fellow 
workers. We can support the position of 
the personal physician, urging the employee 
to take proper care of himself and to follow 
his physician’s instructions. 

absenteeism is tremendous 
problem to industry, and the cost, not only 
to the industry but to the country at large, 
is staggering. The keeping of adequate 
records and statistical studies enables the 
industrial physician to follow those em- 
ployees who are repeatedly sick, to examine 
them, counsel with them, and refer them to 
their personal physicians for appropriate 
care. Many of these people simply would 
not seek and follow medical advice if left 
to their own devices. The industrial physi- 
cian seeks to provide them with proper 
motivation as it relates to good health. 

I would stress that, insofar as treatment 
is concerned, this should be limited entirely 
to treatment of emergency on-duty illness 
and to treatment of injuries resulting from 
on-duty accidents. 


Sickness 


In connection with any type of examina- 
tion the question arises as to whom the 
physician’s report should be sent. It is the 
practice in our companies that all voluntary 
periodic health examinations are kept confi- 
dential between the examiner and the em- 
ployee—a report is provided the personal 
physician when the employee requests it. 
No report is sent to his supervisor unless 
the employee requests us to do so. In the 
case of obligatory examinations it is our 
practice to advise supervision, through the 
medium of functional reports, as to the 
employee’s condition and to provide them 
with such information that will enable them 
to plan their work schedules and properly 
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place the employee on the job. Management 
understands and accepts the ethical relation- 
ships which exist between the physician 
and his patient, and these can be maintained 
while providing management with sufficient 
information to enable them to get their job 
done. 

An editorial in the March, 1956, issue of 
the Southern Medical Journal (Journal of 
the Southern Medical Association)* points 
out the following: “With the practical elim- 
ination of, or rapid and definitive treatment 
of most infectious diseases the life span has 
been markedly increased. And with this has 
been a shift in the focus on disease, from 
the infectious diseases to those of older age, 
chronic diseases of degenerative nature, 
those due to long standing abnormalities 
subject to correction, and to those of malig- 
nant origin. The stimulus to this shift in 
focus has had several origins. Increasingly 
medical research has been driven into study 
of degenerative processes, as infectious dis- 
eases have offered less fertile fields for in- 
vestigation. The practitioner of medicine 
dealing with an increasing percentage of 
older patients has had to become interested 
in their problems. Finally, management in 
industry has become aware of the need of 
an ‘overhaul of the human machine’ as 
well as of the machines and plants. In 
dollars and cents, management has felt it 
should know where it stands in the health 
of its officials in whom there is a large 
monetary investment in terms of experience, 
training, and ‘know how.’ 

This “growing interest in screening for 
asymptomatic disease by management” un- 
questionably will lead it to seek more and 
more advice from the medical profession 
with respect to these matters. As this edi- 
torial points out: “The subject is a matter 
of interest to the profession for it only can 
provide the proper advice, and the finding 
of disease early is good medical practice. 
Such projects may well strengthen physi- 
cian-patient relationships for, as the result 
of screening procedures, many persons will 
select a doctor who otherwise would not do 


so.” If we take the word “screening” out 
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of this context, the type of periodic exam- 
ination which we have been talking about 
is the kind of screening process which 
should go on constantly within industry. I 
am not referring to the multiphasic screen- 
ing programs with which every physician is 
undoubtedly familiar. There are misgivings 
in many minds about this particular type of 
approach, and many physicians prefer to 
put the periodic examinations on a sounder 
basis. 

In November, 1955, the Association of 
Teachers of Preventive Medicine held a 
Teaching Institute on Occupation and 
Health.2 The round table on periodic ex- 
aminations was presided over by Dr. Wil- 
liam Brumfield, Professor and Chairman, 
Department of Public Health, State Uni- 
versity of New York, Upstate Medical 
Center, and was reported by Dr. Hugh H. 
Hussey, Professor of Preventive Medicine 
and Public Health, Georgetown University 
School of Medicine. Some excerpts from 
this report are pertinent to the discussion 
and offer a good focal point for summariza- 
tion of the subject. 

The agreed that the term 
“periodic examination” implied that the per- 
son to be examined would presumably be 
healthy at the time of the examination. On 
this basis the examination is considered 
as a health inventory. The report pointed 
out: “The prime industrial objective is to 
keep the employee on the job and in good 
health. When the periodic examination ac- 
complishes that, it is a profitable investment 
to industry. However, this objective clearly 
places the welfare of the employees first. 
Industry may also be served directly when 
the examinations disclose a need for change 
in industrial practices. An example would 
be a better way of achieving accident con- 
trol.” The objective for the employee, as 
an individual, would be the affording of 
“(1) early detection of disease, (2) investi- 
gation of health habits (inventory of phys- 
iological status), (3) general education, (4) 
specific education (personal), and (5) prep- 
aration for retirement.” For fellow workers 
it was pointed out that the periodic exami- 
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nation could be helpful, and an easy example 
that came to mind was the case of a com- 
municable disease. 

The round table discussed the content and 
frequency of such examinations very much 
along the line which I have presented and 
noted particularly that the frequency of the 
periodic examination would of necessity 
vary with the objectives and those circum- 
stances peculiar to the industry or to the 
employee’s type of work, age, and state of 
health since his last examination, etc. 

In connection with the frequency of ex- 
amination, a report was made in Business 
Week for March 3, 1956, on the study of 
1400 executive health examinations made 
by the Life Extension Institute.* The Life 
Extension Institute does about 15,000 phys- 
ical examinations a year for about 300 
companies. The study pointed out that the 
31-40-year-old group showed a sharp rise 
in ailments, such as indigestion, fatigue, 
and chest pains, that heart trouble was be- 
ginning to manifest itself in this age period, 
and that there was increasing evidence of 
rising tension on the job which in a num- 
ber of persons reflected itself in an in- 
creased blood pressure. The report went on 
to point out that, at the same stage in age, 
older managers of the business did not have 
these same problems and that the 46-50- 
year-old group had fewer ailments than the 
younger men directly behind them. It em- 
phasized the influence of stress manifested 
in the younger executives as a result of too 
much work, taking their business problems 
to bed, entertaining a lot for business rea 
sons, and being on the “go” a great deal 
with little relaxation, the influence of ambi- 
tion and the fear to slow down, and the 
ever-present consciousness of promotion 
and changes within the organization. This 
area of stress offers the medical profession 
a real challenge in the field of periodic 
health appraisals. 

The round-table discussion on periodic 
health examinations had further comment 
to make with respect to the preparation of 
the physician, pointing out that the periodic 
examination could not be effective without 
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a thorough understanding of its objectives 
by the physician doing the examination. It 
pointed out further that the physician 
should be completely familiar with all the 
kinds of jobs within the industry, for with- 
out this he could not be expected to have 
any clear idea of what kinds of illnesses. the 
employees were likely to develop. 

With respect to scope, the round-table 
discussion indicated that methodology varies 
from a technique of very highly personal- 
ized, complete history taking to the use of 
the Cornell Medical 
Index. There was general agreement that 


some such form as 
the history need not be so complete after 
the first periodic examination. The discus- 
sion noted that the Cornell 
well the purpose of detecting changes in 
employees’ health since the previous exam- 
ination. It emphasized the importance of 
having good methods of summarization as 


Index served 


time goes on in ordgr to avoid having in- 
formation become buried in the records. 
It stressed the importance of facts obtained 
by history taking, which is believed to be 
the most valuable part of the periodic 
examination. Insofar as the physical ex- 
amination is concerned, it was noted that 
the content must be made to fit the need 
of the employee as an individual and in 
terms of his job, with one important vari- 
able being age. It is worthy of note that the 
careful selection of laboratory procedures 
the same time it 
pointed out that the cost of the examination 
did abound unbearably and unnecessarily 
with indiscriminate requests for laboratory 
procedures. 

In summary, it should be reemphasized 
that there is a need for the periodic health 
examination in industry. The roles of the 
private physician and the industrial physi- 
cian and the area of cooperation between 
There 
is need for the physicians in the clinical 


was stressed; at was 


the two need constant reemphasis. 


specialties to place some emphasis on special 
and definitive types of examinations, to 
point out what they might feel are some 
deficiencies in the approach which we have 
taken within industry, and to define their 
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feelings about our areas of mutual interest 
and cooperation. 
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A Visual Method for Estimating Mood 
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Introduction 


Routine screening of the cholinesterase 
(ChE) level in the blood of persons ex- 
posed to anticholinesterase (AntiChE) sub- 
stances requires a rapid test, using the 
minimum of equipment. For this reason the 
use of whole blood which eliminates centri- 
fugation has appealed to many investiga- 


tors.* Further simplification to permit 


estimation of ChE activity in situations 
where instrumental techniques are unavail- 


able would be advantageous. In this connec- 
tion Limperos and Ranta® have reported a 
visual test based upon the principle of the 
electrometric method, in which, however, 
the change in pH was followed by the 
change in color of a bromothymol blue 
(BTB) indicator in an incubation medium 
containing substrate and the blood sample. 
Davies and Nicholls® found that the dif- 
ferent colors used for characterizing dif- 
ferent levels of ChE activity by this test 
were difficult to distinguish; they suggested 
that the time required for a fixed color 
change to occur (i. e., from green to 
orange) be used instead. Examination of 
the method proposed by Davies and Nicholls 
showed that greater precision in the use of 
BTB as an indicator of blood ChE activity 


Received for publication Aug. 9, 1956. 

Chemical Warfare Laboratories. 

Taken in part from a dissertation presented by 
one of the authors (J. H. F.) to the Graduate 
School of the University of Maryland in partial 
fulfillment of the requirements for the degree of 
Master of Science, 1956. 

* References 1 to 4. 


510 


could be obtained by using an amber-colored 
end-point associated with a pH of 67+ 
0.05. With the use of this end-point, re- 
action time has been correlated with the 
level of whole blood ChE activity using 
acetylcholine (AcCh) as substrate. The test 
as modified has been applied to the prepara- 
tion of charts relating time of color change 
to temperature with whole blood samples 
from adult men and women at various levels 
of ChE activity as the source of enzyme. In 
further extension alternative procedures will 
be described, using prepared solutions of 
acetyl-B-methylcholine (MeCh) bu- 
tyrylcholine (BuCh) as substrates to permit 
direct determination of red blood cell 
(RBC) and plasma ChE, respectively, in 
whole blood. 


Experimental Procedure 
I. Apparatus 


Test tubes, 75 mm. in length by 10 mm. in 
diameter 

1.6 ml. pipettes graduated in 0.1 ml. 

0.2 ml. pipettes graduated in 0.01 ml. 

Blood pipettes, 20 cu. mm. 

Watch with sweep second hand 

Sterile lancets for finger puncture 

Thermometer 

Portable fluorescent or daylight lamp 

Water baths, thermostated at 15 C, 25 C, and 35 
C, were used to gain the precision needed to vali- 
date the findings of this research. In the field 
ambient temperatures within the range studied 
(15-35 C) could be determined with a thermometer. 


II. Reagents 


1. Acetylcholine chloride (Merck), 0.6% solu 
tion. Dissolve the contents of three 100 mg 
ampules in 50 ml. of distilled water. This volume 
of substrate solution is sufficient for 100 samples. 
blue (Nutritional Biochemi- 
Forty milligrams of the sodium salt of the 
indicator is dissolved in the minimal volume of 
water. The volume is made to 140 ml. with addi- 


2. Bromothymol 
cals). 


he 


tional water; 15 mg. of saponin is added with 
further stirring until solution is complete. Dilute 
NaOH is added dropwise until first appearance of 
a blue color; final adjustment to pH 7.4+0.1 is 
carried out by use of a pH meter when laboratory 
facilities are available. The solution is then 
brought to a final volume of 150 ml. with water. 
Since the indicator solution is unbuffered, its pH 
will decrease on standing for 24 hours, resulting 
in a change of color from blue to blue green. 
Experience has shown that greater reproducibility 
is obtainable if the indicator is used at approx- 
imately the same pH from day to day. This may 
be done by adding a small volume of 0.1 N NaOH 
(approx. 0.04 ml. per 100 ml. of BTB) after 24 
hours of storage. Longer times of standing will 
produce a requirement for additional small volumes 
of NaOH to restore the blue color. 

3. Phosphate buffer standard, 0.3 M, pH 6.62. 
Prepared by adding a 4.08% solution of potassium 
dihydrogen phosphate to a 4.26% solution of an- 
hydrous disodium phosphate, with stirring until a 
pH of 6.62+0.02 is obtained. The addition of 
0.5 ml. of this buffer to the mixture of 1.0 ml. 
of BTB and 0.02 ml. of blood yields an amber- 
colored solution having a pH of 6.7+0.05. 

4. Acetyl-B-methycholine chloride (Methacho- 
line, Merck), 0.06 M in 0.9 M potassium chloride. 
Prepare a 6.7% solution of potassium chloride. 
Add to MeCh in a volume to yield a 1.175% solu- 
tion. Make no more than one week’s supply. 

5. Butyrylcholine chloride, 0.03 M. Add _ sutfh- 
cient water to the dry powder to make a solution 
containing 6.3 mg/ml. Neutralize if necessary with 
a small volume of NaOH immediately before us- 
ing. Make no more than required for two or 
three days at a time. Solutions 1, 2, 4, and 5 are 
refrigerated when not in use. 


III. Methods 


\. Collection of Finger Blood Samples 

One milliliter of the BTB solution is placed in 
each of three 75X10 mm. tubes.+ The finger from 
which the blood sample is to be taken is washed 
with water water should be used where 
available) and swabbed with alcohol. After drying, 
the finger tip is pricked firmly with a sterile lancet 
so as to permit three samples of 20 cu. mm. each 


(warm 


to be collected in a hemoglobin pipette without 


squeezing the finger. Each sample as collected is 


+ Because the method is based upon a change of 
pH, the surface of the finger, lancet, and glassware 
must be uncontaminated with acid or alkali. For 
this reason aliquots of BTB are added with a 
volumetric or measuring type of pipette, and not 
by a blowout pipette, to avoid contamination with 
from the breath, 
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immediately rinsed into one of the tubes contain- 
ing the BTB solution and is then shaken. 

B. Preparation of Color Standard 

One-half milliliter of 0.3 M phosphate buffer 
at pH 6.6 is added to one of the three mixtures of 
blood and BTB for a color standard. 

C. Determination of Whole Blood ChE Activity 

Add 0.5 ml. of the 0.6% AcCh solution to each 
of the remaining two samples of blood and BTB 
and note the time of addition. Note also the exact 
time at which the color of the duplicate experi- 
mental samples matches the color of the standard 
prepared in Method B above. Greater precision 
is obtainable when both standard and experimental 
tubes are compared next to a source of white light 
(1-2 in. away from a fluorescent light). The am- 
bient temperature should be noted so as to permit 
use of the charts accompanying this report. 

Occasionally a mixture of blood and indicator 
will show departure from the usual greenish blue 
color toward the more acid range of BTB. This 
has been taken as indicating the introduction of 
acid contamination during the sampling procedure. 
Where this occurs with but one out of the three 
samples taken from one person, the practice has 
been to use that sample for the preparation of the 
color standard. The addition of 0.5 ml. of 0.3 Ms 
phosphate buffer. solution at pH 6.62 has always 
sufficed to set the desired pH of 6.7+0.05 regard- 
less of any small amount of acidic impurity. If 
two out of three samples collected show contamina- 
tion, the samples should be rejected and the blood 
collected again.t 

Results 

I. Effect of Level of ChE Activity on 
Time Required to Reach End-point 

To be able to distinguish persons having 
normal from those of subnormal blood 
ChE activity by the proposed method, two 
questions had to be answered: First, What 
is the relationship between the time required 
to reach the end-point and level of blood 
ChE activity? Second, What is the extent 
of variation in whole blood ChE in adult 
male and female populations? 

To obtain an answer to the first question, 
2 ml. of freshly drawn whole blood taken 
by venipuncture was incubated with 0.08 
ml. of 0.9% NaCl containing 16X10 mi- 

{ Such rejections and re-collection of blood have 
been necessary in about 1% of approximately 300 


individual blood samples taken by finger puncture 
for this study. 
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TasLe 1.—Effect of Level of Whole Blood 
Cholinesterase Activity on Time Required 
to Reach End-point 


Time Required | Activity 
to Reach Found, 
End-point, 100 

Min. 
T 


Level of Activity 
ChE Expected, 

Activity, 100 

Per Cent 


54.5 


No change after 
200 min. 


cromoles of diisopropylphosphorofluoridate § 
(DFP) for 23 hours at 25 C along with 

§ This amount of DFP represents approximately 
a three- to four-fold excess of the amount required 
for complete inactivation of this quantity of blood. 


100 
T (MIN 


the control blood sample receiving 0.08 ml. 
of 0.9% NaCl alone. The completely in- 
hibited blood was then added to the control 
sample in proportions of 1 to 4, 2 to 3, 3 to 
2, and 4 to 1 so as to simulate blood sam- 
ples having the level of ChE activity noted 
in Table 1. 

The and inhibited 
blood (used as prototypes of partially in- 
hibited blood samples) 


mixtures of control 


were allowed to 
stand at room temperature for an additional 
two hours in order to test the possibility 
that unhydrolyzed DIFP might still be 
present.|| The activity of each mixture pre- 
pared as indicated was assayed at 31 C+ 
1 C as outlined previously. Table 1 shows 
the time required to reach the end-point. 

|| The plasma contains a highly active DFPase 


which serves to destroy the excess of DFP’ 


Fig. 1—Effect of level 
of cholinesterase activity 
on the reaction time. 
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From the average time, 7, the activity of 
each level is expressed at 100/T in recip- 
rocal minutes. The good agreement between 
the expected activity and that actually ob- 
served indicates that an inverse relationship 
exists between level of ChE activity and 
reaction time. Figure 1, which is based on 
Table 1, this relationship 
graphically. The linear relationship plus the 
fact that the line passes through the origin 
demonstrates further that the DI P-treated 
blood was completely inhibited and that no 
residual unhydrolyzed DFP remained after 
24 hours of incubation at the inhibitor level 
used. 

Il. Variation in Whole Blood ChE Ac- 
tivity with Temperature 

A. Group 


demonstrates 


Variation of Whole Blood 
Samples at Various Levels of ChE Activity: 
The variation in the whole blood Chr: 
activity of a random adult population was 
studied in 48 men and 48 women at levels 
of 100% activity and at levels of 75%, 
50%, and 20% of normal activity by appro- 
priately diluting the normal blood obtained 
by venipuncture with the whole blood com- 
pletely inactivated by previous incubation 
with DIP as described above. The reaction 
time for color change was measured at 15 C, 
25 C, and 35 C with AcCh as substrate. 
Four subjects were used at each level of 
activity and at each temperature. Two sam- 
ples were analyzed from each subject with 
a third sample as a standard. 

From the analysis of variance of the data 
Ty and Ty, corresponding to the upper and 
lower limits of variation to be expected in 
75% of an adult male population based 
upon a probability level of 95%, were cal- 
culated for each level of whole blood ChE 
activity (Table 2). The corresponding 
limits of variation to be expected in an 
adult female population are given in Table 
3. 

Inspection of Tables 2 and 3 reveals a 
small degree of overlapping in the time 
intervals found to indicate blood of normal 
and blood of 75% residual ChE activity at 
each temperature used for the measurement 
of these activities. Similar overlapping may 


TABLE 2.—Time of Color Change in Relation t 
Temperature and Level of Whole Blood * 
Cholinesterase Activity Men 


in 


Level of Temperature, Degrees (C 
Activity, 
15 25 35 
T T., Te. Ts, Ts . 
Per Cent Min. Min. | Min. Min Min. Min. 
100 20.4 30.0 13.7 20.1 9.2 13.6 
75 29.3 42.9 19.5 28.8 13.2 19.4 
50 418 61.4 2.1 8641.3 18.9 27.8 
20 | 95.8 143.0 | 64.5 94.6 | 43.4 63.7 


*Venous biood; AcCh used as substrate. 

tT. and Tw represent lower and upper tolerance limits, 
espectively, for 75% of the population within 95% probability 
'n this Table and in Table 3. 


TABLE 3,.—Time of Color Change in Relation to 
Temperature and Level of Whole Blood * 
Cholinesterase Activity in Women 


Level _of Temperature, Degrees (C 
15 25 35 
Tu Te | To, | To, 
Per Cent Min. Min. | Min. Min. Min Min. 
100 17.8 29.5 | 11.5 19.1 | 6.9 11.5 
75 29.1 49 18.2 28.2 | 11.3 17.6 
50 | 414 593 | 269 37.0 | 162 23.0 
20 116.0 149.0 72.1 93.0 | 45.0 58.0 


*Venous blood; AcCh used as substrate. 


be noted at levels of 75% and 50% residual 
Chl: activity. However, blood ChE activi- 
ties of 50% and 20% are clearly distin- 
guishable from each other and from 100% 
ChIe activity at each temperature measured. 

Tables 2 and 3 indicate that ChE levels 
which are 75% of normal activity cannot be 
clearly distinguished as being subnormal 
upon analysis of a blood specimen taken 
after exposure if the range of population 
values, rather than the individual’s own 
preexposure ChE level, is taken as the norm. 
Levels of 50% activity or less can, how- 
ever, be recognized on this basis. 
quently Figures 2 and 3. been 
constructed corresponding to the limits, Ty, 
and Ty, for blood samples of 100%, 50°¢, 
and 20% residual ChE activity over the 
range of temperature from 15 C to 35 C. 
The figures show the time of color change 
corresponding to any temperature in the 
range studied at any of the three levels of 
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TIME (MINUTES) 
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Fig. 2—Time of color change in relation to 


temperature and level of whole blood cholinesterase 
activity in men (substrate: AcCh). 


activity. Conversely, knowledge of the time 
required for a given blood specimen to 
match its color standard at any known tem- 
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Fig. 3—Time of color change in relation to 
temperature and level of whole blood cholinesterase 
activity in women (substrate: AcCh). 
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perature between 15 C and 35 C permits 
a decision concerning the approximate level 
of blood ChE activity of the donor. 

B. Variation in ChE Activity of Normal 
Finger Tip Blood Samples: Precision of 
the method. A study was made of the varia- 
tion in blood ChE activity in blood obtained 
from the finger tips of 36 normal male 
adults. Twelve subjects were studied at 
each of the temperatures used previously, 
i. e., 15 C, 25 C, and 35 C. Three finger 
blood samples were taken from each sub- 
ject, one sample being used for the color 
standard, and the analysis was carried out 
as described. 

The reaction time for each subject was 
found to be within the limits established for 
normal blood ChE with the blood obtained 
by venipuncture (Table 2). The results 
suggest that the ChE activities measured in 
almost all future finger blood samples from 
normal male subjects would likewise fall 
within or very close to the tolerance limits 
in Table 2 when ChE activities are deter- 
mined according to the directions given. 

For measuring the reproducibility of sam- 
pling, six finger blood samples were taken 
from each of five subjects without excessive 
squeezing of the finger. One sample was 
used for the color standard, and the analysis 
was carried out as described. The coefficient 
of variation for the five subjects ranged 
from 3.0% to 8.6%, with a mean coefficient 
of variation of 5.1%. 

C. Individual Variation of Whole Blood 
ChE Activity: It has been shown previously 
that ChE activities of 50% or less of nor- 
mal can be recognized in a blood sample on 
the basis of normal population ChE values. 
In order to determine whether smaller de- 
partures from normal ChE values could be 
distinguished if a person’s preexposure 
ChE level were known, a study was made 
of individual variations in ChE values for 
the purpose of setting normal limits beyond 
which a fall could be attributed to the ab- 
sorption of an AntiChE. This was done 
by determining the ChE activity of dupli- 
cate finger blood samples at 25 C from 
eight adults taken at weekly intervals for 


a period of three weeks. The precision of 
any single determination was found to be 
+1.78 minutes. This value may be used 
to estimate, with 95% probability, the mag- 
nitude of a significant decrease of activity 
in terms of the greater number of minutes 
required to reach the end-point at 25 C, i. e., 
4.29 minutes. This additional time repre- 
sents an increase of 26% over the previous 
control measurement. A further increase in 
time in excess of this should give cause 
for suspecting absorption of an AntiChE 
in an otherwise normal subject. 

Ill. Residual ChE Activity After Incu- 
bation of Whole Blood with DFP and Sarin 

Results with Specific Substrates for RBC 
and Plasma ChE: The possibility exists that 
persons may be exposed to an AntiChE 
having differential effects upon either plas- 
ma or RBC ChE. In such a case whole 
blood measurements performed with AcCh 


{ This time includes variances due to fluctuations 
in ChE activity of the person plus that arising 
from the experimental method, reagents, etc. 


PERCENT INACTIVATION 


VISUAL METHOD FOR ESTIMATING BLOOD CHE ACTIVITY 


OpH (REO CELLS) 


would be somewhat ambiguous, since this 
substrate is acted upon simultaneously by 
both classes of enzymes in the blood sam- 
ples. Information concerning the effect of 
the ChE inhibitor upon either plasma or 
RBC ChE may be obtained by means of 
specific substrates for these enzymes. Alles 
and Hawes § have shown MeCh to serve as 
a specific substrate for determining RBC 
ChE in whole blood. Subsequently Adams 
and Whittaker ® reported that BuCh serves 
an identical function for the plasma enzyme 
in human blood. To accommodate the BTB 
test to situations where it may be preferable 
to determine either RBC or plasma ChE 
rather than the complex of enzymes in 
whole blood, studies were made with the 
specific substrates mentioned, following in- 
cubation with DFP, a preferential inhibitor 
of plasma ChE. Freshly drawn blood sam- 
ples obtained by venipuncture were incu- 
bated with 3, 6, 9, 12, and 15X10* micro- 
moles of DFP in 0.04 ml. of 0.9% NaCl 
per milliliter of whole blood for 24 hours 


Fig. 4—Blood cholin- 
esterase activity following 
partial inactivation with 


DFP. 
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at 25 C. Controls from the same blood 
specimen received 0.04 ml. of 0.9% NaCl 
per milliliter. Aliquots of these mixtures 
were then used for the determination of 
ChE activity by the BTB test using AcCh 
and MeCh as substrates. <A portion of 
each blood sample was also tested for RBC 
ChE activity by the electrometric (A pH) 
method of Michel.1° The results are shown 
in Figure 4. It may be noted that with 
whole blood the curve relating per cent in- 
activation of ChE to quantity of DFP added 
using MeCh as substrate agrees closely with 
that obtained for the RBC ChE by the A pH 
method, while that obtained by the use of 
AcCh does not. It is therefore concluded 
that the use of MeCh with the BTB proce- 
dure allows the RBC ChE activity to be 
determined in whole blood samples. 

In a similar manner DFP was used to 
test the feasibility of measuring the plasma 
ChE activity of whole blood by means of 
the BTB method if BuCh is used as sub- 
strate. Separate blood samples were incu- 
bated with 0.5, 1, 2, and 4X10* micro- 
moles of DFP in 0.9% NaCl per milliliter 
of blood, control blood samples receiving 
the same volume of 0.9% NaCl alone. Ac- 
tivities were then determined by the BTR 
procedure using 0.01 M BuCh and AcCh 
as substrates. The ChE activity of the 
plasma separated from a portion of each 
sample was also determined by the A pH 
procedure. Results are given in Table 4. 
It may be noted that the values obtained for 
ChE activity by the BTB test using whole 
blood and BuCh are in excellent agreement 
with those obtained with plasma by the A 
pH procedure. Those obtained using AcCh 
with whole blood are markedly divergent. 

With an AntiChE like Sarin (isopropyl 
methyl phosphonofluoridate), which affects 
plasma and RBC ChE to approximately the 
same degree,!' the use of AcCh with whole 
“s # Preliminary experiments showed that the rate 
of color change with MeCh could be made to ap- 
proximate that given by AcCh in the presence of 
an initial concentration of 0.02 M MeCh and 0.3 
M KCl. The activating effect of salts had been 
reported earlier by Alles and Hawes.® 
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TABLE 4.—Cholinesterase Activity Following 
Incubation of Whole Blood with DFP 


Residual Activity 


Micromoles/ 
Ml. of Blood | ApH Method,| Visual Method, Whole Blood 
Per Cent | 
Substrate | Substrate 
BuCh, AcCh, 
Per Cent | Per Cent 
0.5X 10- 78 74 | 100 
1.0X10-¢ 57 58 | 76 
2.0X10- 27 31 
4.0X10-¢ 5 0 


blood to measure ChE activity should give 
results which agree reasonably well with ac- 
tivity measurements on erythrocyte ChE. 
This was tested by incubating whole blood 
with 2, 4, 6, and 8X 10° micromoles of Sarin 
per milliliter of blood for 24 hours followed 
by determinations of ChE activity on whole 
blood with AcCh and MeCh as substrates 
and on RBC by the A pH method as before. 
Figure 5 shows that the results with whole 
blood, using either substrate, agree reason- 
ably well with the ChE activity determined 
on the RBC alone by the electrometric tech- 
nique. 


PERCENT INACTIVATION 
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MECHOLYL (WHOLE BLOOD) 
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Fig. 5.—Blood cholinesterase activity following 
partial inactivation with Sarin. 
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IV. Lffect of Hematocrit on the Deter- 
mination of RBC ChE in Whole Blood with 
MeCh 

Several freshly drawn blood samples were 
pooled and centrifuged at 2000 rpm for 30 
minutes. The plasma was drawn off and 
retained; the top layer of erythrocytes was 
also removed to insure maximal removal of 
any residual plasma. This portion was dis- 
carded. The remaining RBC were mixed 
to obtain a uniform distribution of cells. 
The plasma and RBC were now mixed in 
varying proportions so as to yield samples 
with 35%, 40%, 45%, 50%, and 55% 
hematocrits, and the ChE activities were 
measured with MeCh as substrate. 


_ RELATIVE ACTIVITY (PERCENT) 


N 
\ 
\ 
\ 
\ 


35 40 45 #£«50 
HEMATOCRIT (PERCENT) 


Fig. 6.—Blood cholinesterase activity in relation 
to hematocrit (substrate: MeCh). 


Figure 6 shows the relative variation in 
the ChE activity of whole blood samples of 
varying hematocrit toward MeCh, with the 
activity of the sample with a hematocrit of 
45% being taken as 100. It may be noted 
that differences in hematocrit of 5% pro- 
duce measurable changes in activity by the 
BTB procedure. This finding will be dis- 
cussed in greater detail below. 

V. Determination of in Vivo Exposure 
to Anticholinesterases by the BTB Proce- 
dure 


Measurements of blood ChE activity of 
12 persons reported to have been exposed 
to an AntiChE were made by the BTB 
method using MeCh with finger blood sam- 
ples and by a modification of the A pH 
method !* with RBC from additional finger 
blood in an independent laboratory. In 10 
out of 12 persons so compared, the differ- 
ence between the two laboratories was 12% 
or less. two 
amounted to 20%. 

VI. Variation in RBC ChE Activity with 
Temperature 

Three samples of finger tip blood were 
taken from each of 90 normal male service- 
men, and the reaction time with MeCh was 
recorded in duplicate. For this study the 
men were divided into three groups of 30 
each, and samples of one group were an- 
alyzed at 15 C, the second at 25 C, and the 
third at 35 C. From an analysis of variance 
the upper and lower limits of variation for 
95% of the population were derived within 


cases the difference 


TasBLe 5.—Time of Color Change in Relation to 
Temperature in Finger Blood Samples from 
Ninety Normal Men Using MeCh as 
Substrate 


Tolerance Limits 


Calculated 
Mean 


Temperature, 


Lower, Upper, 


Min. 
26.1 


TEMPERATURE °C 

Fig. 7—Time of color change in relation to 
temperature using finger tip blood samples from 
normal men (substrate: MeCh). 
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a 95% probability level. The results are 
given in Table 5 and graphed in Figure 7 
to permit interpolation at temperatures 


other than those used in this investigation. © 


Comment 

A recent review by Davies '* indicated 
that there is no close relationship between 
variations in RBC or plasma ChE levels and 
the onset of symptoms produced by poison- 
ing with an AntiChE. However, systemic 
effects are not observed in the absence of 
a marked depression of plasma and red 
blood cell esterases. Consequently measure- 
ments of whole blood ChE with BTB and 
AcCh are useful, since they may indicate 
significant exposure to an intoxication by 
an AntiChE before symptoms become ap- 
parent. As such, the test satisfies a need for 
a timely warning for persons who have been 
accidentally exposed to these compounds. 
Where preexposure values for a person are 
not known, the values obtained for whole 
blood ChE may be referred to Tables 2 and 
3 or Figures 2 or 3 of this report for a 
decision concerning the approximate level of 
blood ChE. It is reassuring that the lower 
normal level of ChE activity corresponding 
to Ty in the Tables of any of the three tem- 
peratures studied is still well above the level 
at which symptoms of systemic poisoning 
are likely to become apparent.® 

If the analysis is carried out so that the 
experimental samples are all read only once 
at the times corresponding to the upper nor- 
mal limits given in Figures 2 and 3, noting 
only those persons whose activities are so 
low as not to match their color standards, 
then it should be possible for two tech- 
nicians to screen 100 persons a day for 
possible exposure to AntiChE. Application 
to mass-screening programs therefore ap- 
pears possible. 

Where the preexposure ChE values of 
persons who work with an AntiChE are 
available, it has been demonstrated that a 
smaller degree of inhibition of blood ChE 
may be recognized by the BTB test, i. e., 
about 25%. This is in agreement with the 
percentage fall of 25% from the preex- 
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posure level suggested as indicating sig- 
nificant exposure to AntiChE by Fryer and 
associates.!* 

The limits of variation have been set for 
RBC ChE in finger tip blood for adult men 
in Table 5. While a corresponding study 
for adult women has not been carried out, 
a study of the group variation for RBC 
ChE in venous blood for men and women, 
respectively, showed relatively small differ- 
ences between the sexes in reaction time 
with MeCh.* The data suggested that the 
limits set up for finger tip blood for men 
will therefore apply to almost all women. 

The use of AcCh as substrate in the 
method as outlined in the first part of this 
report furnishes values which are a com- 
posite of the effects of a given AntiChE 
on both plasma and RBC ChE’s. In cir- 
cumstances where the compound in question 
inhibits the plasma ChE to a considerably 
greater extent than the red cell ChE (e. g., 
DFP and TEPP 7), whole blood measure- 
ments with AcCh will show significant 
deviation from the actual levels of RBC 
ChE. This is demonstrated in Figure 4 for 
whole blood incubated with DFP. Figure 
4 also demonstrates that, when the BTB 
procedure is used with MeCh, the values ob- 
tained with whole blood reflect very closely 
the levels of RBC ChE. In DFP and TEPP 
poisoning a good correlation has been dem- 
onstrated between inhibition of RBC and 
tissue ChE’s. { For information on the level 
of tissue ChE following a single exposure 
to an AntiChE acting like DFP, the use of 
MeCh in the procedure here described ap- 
pears advantageous. 

The relationship observed between hema- 
tocrit and RBC ChE activity in a single 
blood source (Fig. 6) is not duplicated in a 
random population. A comparison of 
hematocrits and RBC activity from 56 sub- 
jects in normal health showed that 80% of 
the variation in RBC ChE activity deter- 
Fleisher, J. H., and Woodson, G. S., Unpub- 
lished data. 


+ References 15 and 16. 
t References 15 and 16. 
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mined in venous blood with MeCh is un- 
accounted for by variation in hematocrit.§ 

It was hoped that some universal color 
standard could be adopted to which all ex- 
perimental samples could be referred. How- 
ever, it was observed that hematocrit does 
affect the hue of the amber color of the 
end-point. The use of one of the three blood 
samples taken for analysis as a standard 
against which the two experimental samples 
are read eliminates any difficulty in match- 
ing the color change produced. 

Meyer and associates’? have observed 
that the ratio of ChE activity in whole 
blood to hematocrit increases during the 
initial stages of recovery from pernicious 
anemia after institution of suitable treat- 
ment. They showed this to be due to an 
increase in the mean RBC esterase activity 
and not to an erythrocyte rise which it pre- 
cedes. The use of MeCh with BTB and the 
whole blood from persons having pernicious 
anemia offer a convenient test for 
measuring this initial response to antiperni- 
cious anemia therapy. 

Plasma ChE levels measured by the BTB 
test on whole blood with BuCh as substrate 
have been shown to approximate those 
measured by the A pH method on separated 
plasma samples. This suggests an addi- 
tional application to the routine determina- 


tion of plasma ChE used by Vorhaus and 
18 


may 


associates '8 as an index of liver function. 


Summary 


A rapid visual test for the determination 
of the cholinesterase activity in human 
whole blood with acetylcholine as substrate, 
based upon a color change of bromothymol 
blue, has been presented. With acetyl-B- 
methylcholine and butyrylcholine as sub- 
strates, the method has been shown to be 
applicable to the determination of red blood 
cell and plasma cholinesterase activity, re- 
spectively, in whole blood samples. 

The visual method, using whole blood 


samples with the appropriate substrate, 


§ Fleisher, J. H., and Woodson, G. S.: Unpub- 
lished data. 
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shows close correlation with electrometric 
methods, using red blood cells or plasma, in 
determining the depression in cholinesterase 
activity due to anticholinesterase in vitro 
and with red blood cells in vivo. 

Reaction time for red blood cell cholin- 
esterase activity has been correlated with 
temperature (range: 15 C to 35 C) for 
finger tip blood samples from male adults 
(Fig. 7). Reaction time has also been cor- 
related with temperature and the level of 
whole blood cholinesterase activity in the 
form of charts which permit evaluation of 
cholinesterase levels from finger tip blood 
samples taken from male and female adults. 
By means of these charts (Figs. 2 and 3) 
an inhibition of whole blood cholinesterase 
activity of 50% or more can be recognized 
without knowledge of the person’s preex- 
posure value. When the preexposure cho- 
linesterase activity is known, inhibition in 
excess of 25% may be distinguished. 

Possible application of the method to rou- 
tine studies of liver function and for study- 
ing the response to treatment of pernicious 
anemia is suggested. 

Dr. G. Freeman, of the Clinical Investigation 
Branch, Chemical Warfare Laboratories, coop- 
erated in providing blood samples; Pvt. Joseph 
Magnani assisted in some of the studies reported, 


and Dr. Bernard Jandorf offered helpful criticism 
of the manuscript. 
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An Environmental Study 
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Introduction 

Chronic exposure to ionizing radiation 
from low-voltage sources is known to pro- 
duce damage to living tissue.’ Studies of 
the occupational exposures and the resulting 
damage among physicians, dentists, medical 
fluoroscopists, and shoe-fitting-machine op- 
erators have confirmed the reality of the 
hazard from the use of x-rays in film radi- 
ography and screen fluoroscopy.* 

Since veterinarians have used x-ray film 
radiography and screen fluoroscopy in their 
practice for about 50 years, a study of their 
exposures and the damage incurred was 
undertaken. The results of the damage 
which had occurred, determined by a medi- 
cal survey, will be reported separately. The 
purpose of this paper is to (1) report the 
estimated exposure to ionizing radiation 
among veterinarians as determined in an 
environmental (2) evaluate these 
exposures in terms of the present concepts 
of hazardous exposure, and (3) discuss 
control measures to keep the exposure at 
nonhazardous levels. 


survey, 


Received for publication Sept. 13, 1956. 
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Methods 

There are 193 registered veterinary estab- 
lishments employing about 300 persons in 
the New York metropolitan area. Sixty of 
these establishments were selected at ran- 
dom for study. Among them 50 currently 
use x-ray units and employ 74 veterinarians, 
6 assistants, and 1 kennelman. Veterinary 
work in the area surveyed is almost entirely 
with household pets. 

The radiation output was measured for 
the primary beam intensity at the target 
position under normal operating conditions 
by means of a condenser r-meter. The radi- 
ation due to scatter was measured at the 
normal working positions of the veterinary 
and his assistant and at other points in the 
working area with an ionization chamber 
survey meter. Radiation measurements were 
made using paper or other “phantom’’ de- 
vices to produce a scatter radiation pattern 
similar to that obtainable with an animal 
subject in place. The operator’s statement 
of normal operating conditions was ac- 
cepted. These measurements were consid- 
represent the maximum 
which these individuals could be exposed. 

The duration of exposure was estimated 


ered to dose to 


on the basis of the frequency and duration 
of the usual radiological examinations. The 
estimate was a composite of direct observa- 
tion and the veterinarian’s statement, e. g., 
radiographs were counted and multiplied by 
exposure times in radiography, but for 
fluoroscopy the operator’s estimate had to 
be accepted. While these estimates varied 
from 10 seconds to 5 minutes per exposure 
and from 1 to 10 exposures per week, the 
accuracy of the estimations was checked 
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A; 


by observation of work being done at the 
time of the survey. 

The measured intensity of radiation was 
multiplied by the total estimated duration 
of exposure to obtain a measure of total 
exposure for various work periods. 

The type and condition of the x-ray unit 
and protective equipment available were ex- 
amined and recorded. The effects of vary- 
ing voltages and currents on radiation flux 
under actual conditions of use were noted. 
In general, the flux was found to follow the 
well-known relation of linear increase with 
the tube current and with the square of 
the voltage. Scatter intensity increased 
markedly with target size. 

Operating techniques in using the ma- 
chine and the protective equipment and in 
handling the animals were observed and 
recorded. 


Results 


Thirty veterinarians performed radiog- 
raphy only; fourteen did only fluoroscopy; 
twenty-nine did both, and eight did no x-ray 
work whatever. 

The primary beam output is given in 
Table 1 as weekly exposure. These values 
are cited to represent the maximum possible 
exposure of an assistant holding animals for 
radiography or a veterinarian handling ani- 
mals for fluoroscopy. The figures represent 
radiation output rather than actual exposure 
to any person and thus are a measure of 
the order of magnitude of the hazard. 
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The intensity of scatter radiation is pre- 
sented in Table 2 as exposure per week. 
These values represent a portion of the 
actual exposure incurred in this work. A 
comparison of primary beam intensities 
with scatter radiation is given in Table 3. 

The radiological equipment predominant- 
ly in favor for veterinarian purposes has 
been especially designed for such work. The 
Campbell Animagraph and General Electric 
Veterinary x-ray units were in use in over 
half the establishments visited. The models 
in use were of variable age; later models 
contained built-in protective devices, such 
as cones, filters, and shields. Although 
earlier models did not have such devices 
built in, these devices had been added later 
in a few cases. At the time of the survey 
about half the machines examined had such 
filters. 

Protective equipment, such as _ leaded 
rubber gloves and aprons, were available 
for 66 of the persons occupationally ex- 
posed to radiation but were frequently in 
poor condition and seldom used consistently. 
No lead control panels or other metal shield- 
ing designed to protect workers, such as 
the operator of the machine or the holder 
of the animal, were used anywhere. 

During radiography the animal is 
strapped down or held by an assistant or 
the owner. The assistant is thereby exposed 
to the higher-intensity scatter near the beam 
and at times inadvertently to the beam 
itself. The veterinary operates the machine 


TABLE 1.—Estimated Weekly Primary Beam Output at Working Area for Workers 


Total 
Unknown.._.. 12 
0.0=0.99__. 20 
1.0=9.9.__. 20 
10.0=99.9._. 21 
100.0=999.9__ 7 
1 


Generally accepted. 


in Roentgens 


Fluoroscopy Wholly or 


Radiography Only Partially 


Note> Maximum permissible level of x-radiation exposure is 0.3 r per week. 


522 


| 
the 
-- -- 
17 3 
9 11 
ides 3 18 
J 7 
1 
40 
= 


RADIOLOGICAL HAZARDS IN VETERINARIANS 


Taste 2.—Total Estimated Weekly Exposure in 
Milliroentgens from Scatter Radiation 
Normal Working Position 


No information 

1 

1.0-9.9 

10- 29.9 
30- 99.9 
100-199 
200-299 
300-399 
400-599 
600- 


TaBLe 3.—Primary and Scatter Dose Rates 
Found in Veterinary Medicine 


Primary Beam Scatter 
300- 109,800 


Median dose rate, r/hr.........- 1680 0.9 


Range in roentgens per hour-_- 0-5.0 


Region of exposure Hands and forearms 


Weekly permissible dose limit 1.5 
to region of exposure in r/hr. 


Total permissible weekly ex- 


posure time for median dose 
rate 


and so is farther away, but because of 
generally limited working space used, he is 
still fairly close. Veterinaries doing only 
radiography usually used machines operat- 
ing at fixed voltage and current and produc- 
ing x-rays of stable quality and intensity, 
only the time being variable. Such users 
were predominantly recent graduates or 
older practitioners who had sustained dam- 
age. 

In fluoroscopy the veterinary watches the 
screen intercepting the primary beam after 
its passage through the animal, usually con- 
trolling the machine with a foot switch 
while simultaneously holding or manipulat- 
ing the animal. Thus, his torso is exposed 
to high-intensity scatter and his hands, fore- 
arms, and eyes to the primary beam for 
appreciable periods. Leaded glass is gen- 
erally used for such screens but might not 
be of sufficient thickness or lead content to 
afford adequate protection against a pro- 


longed exposure to highly energetic radia- 
tion. 

Most of those doing fluoroscopy used 
machines having variable voltage, current, 
and Time-control switches 
were used in radiography but not in fluor- 
oscopy where they are most needed. Most 
film exposures are limited to one to five 
seconds by the quality of the film required. 
Fluroscopic exposures are limited only 
by overheating of the equipment and often 
exceed one minute. 

None of the establishments had been pre- 
viously surveyed for radiation hazards. No 
veterinarian budgeted the radiological work 
load to limit his exposure. Although many 
expressed knowledge of the possible hazard 
verbally, the working habits of most did 
not reveal any practical appreciation of the 
risk, 


time controls. 


Comment 

The results should be interpreted in the 
light of the limitations apparent in the 
methods. The physical measurements of 
radiation intensity present in the environ- 
ment at the time of the survey, called ex- 
posures, do not represent the amount of 
radiation actually absorbed by subjects, the 
dose. There is no means of measuring the 
latter directly; our estimates do not take 
account of such possible variables as 
changes in equipment and techniques, work 
volumes, and type of x-ray work. 

The figures are an approximation of the 
potential exposures and, when compared ° 
with present safety standards, reveal a need 


for better control. The present acceptable 
upper limit for prolonged exposure is 0.3 r 
per week for the torso and 1.5 r per week 
for the hands. 


It can be seen from Table 1 that the pri- 
mary beam exposures exceed this level in 
most cases by as much as 3000 times. The 
potential danger if a person is exposed to 
these levels even a small part of the time 
indicates the need to keep the intensity to 
the minimum necessary and to avoid such 
exposure at any time. Particularly does this 
caution apply to assistants holding animals 
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for radiography and to fluroscopists, be- 
cause here inadvertent exposure can most 
easily occur. 

Moreover, not all the radiation is confined 
to the primary beam, since a complicated 
set of secondary radiations, called scatter, is 
generated as the primary beam strikes mat- 
ter. The need for caution in avoiding un- 
necessary exposure to the primary beam is 
underscored by consideration of this ubiqui- 
tous scatter radiation. Examination of 
Table 2 shows that exposures were in 
excess of weekly permissible levels in a few 
cases, and sufficiently near these levels in an 
appreciable number to add significantly to 
any primary beam exposure. Even where 
scatter intensity is not in itself excessive, 
it must be guarded against, because it is 
more diffuse than the primary beam, and its 
effects are, of course, additive. Work 
nearer the animal involves higher exposure 
due to greater radiation intensities from 
both scatter and primary beam. 

Inspection of Table 3 further evinces 
the greater order of magnitude of the dan- 
ger from the primary beam, as shown by 
the time limits in the last line. The ranges 
and medians show the nonlinear relationship 
of primary beam to scatter. Other factors 
affecting the quantity and location of scatter 
are the nature and thickness of the tissue 
irradiated, the direction of the beam, and 
the presence and position of other objects in 
the room. The practical point is that mini- 
.mal beam intensity does not guarantee mini- 
mum scatter. 

It is well known that not all the x-rays 
generated in the tube are useful. Metals 
of low atomic number, like aluminum, can 
be used as a filter to eliminate the useless 
but still damaging low-energy rays. Metals 
of high atomic number, like lead, can be 
used as shields to confine the useful higher- 
energy rays to useful areas. The absence of 
such protective devices in half the machines 
surveyed indicates the inadequacy of the 
equipment used in veterinary radiology. 
Moreover, even where available, these de- 
vices were but irregularly used. 
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Both the penetrating power, determined 
by the voltage, and the energy intensity, 
determined by the current, increase the 
damaging effect of the radiation. The time 
of exposure is the third important factor. 
Yet the choice of current, voltage, and ex- 
posure time is made without regard for the 
hazard. In many cases currents and _volt- 
ages used are in excess of those actually 
needed. This not only increases the hazard 
but also the expense of operation and the 
wear on the equipment as well. 

Similarly, although fluoroscopy is inher- 
ently more dangerous than radiography, be- 
cause the operator must be closer to the 
primary beam and the greatest intensity 
of scatter, the choice between these methods 
is more frequently made on the basis of 
convenience than effectiveness. 

The generally careless attitude toward 
radiation is shown by the failure to use the 
most rudimentary personal protection, such 
as wearing gloves and apron during x-ray 
operating procedures, even when these are 
available. Like other professional groups, 
such as physicians and dentists, most veter- 
inaries are aware that there is a hazard 
and know enough to understand the neces- 
sary control measures. However, in many 
cases they have failed to appreciate the 
continuing seriousness of the danger and 
have become careless. Some should be re- 
minded of basic principles to realize that 
in many respects unsafe operation is also 
inefficient operation. 

As stated, the recorded measurements of 
radiation intensity in air do not represent 
the actual tissue dose absorbed by the indi- 
vidual, but the reality of the danger cannot 
be denied in view of the actual radiation 
damage found among these veterinarians. 


Control 


The reduction of the hazard can be accom- 
plished by observing the well-known prin- 
ciples established for radiology in general. 
The goal of control must be the minimum 
exposure consistent with the desired radi- 
ological results. The established level of 
0.3 r per week should be regarded as a maxi- 
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mum or extreme, not as a level desirable 
to have maintained continuously. 

1. The x-ray unit should be of modern design 
for veterinary purposes and maintained in good 
repair and calibration to assist in achieving the 
required penetration with a minimum of energy 
output. 

2. The useful emergent beam should occupy 
the smallest possible area. Cones for this purpose 
should be either built into the equipment or added 
to it. 

3. Since the lower-energy x-rays are not useful 
and may be damaging, they should be eliminated 
from the primary beam by metal disc filters. 

4. To minimize scatter, the primary beam 
should be confined to that portion of the animal 
needed for the diagnosis by proper shielding of the 
working area. 

5. Current, voltage, and time should be selected 
to produce a good picture with a minimum hazard. 

6. Radiography should supplant fluoroscopy 
wherever possible. 

7. Shielding should be installed as needed to 
protect the operator. 

8. The animal should be anesthetized or 
strapped in place in preference to being held 
in place manually. 

9. Where fluoroscopy is essential, leaded rubber 
gloves and apron in good condition should be used ; 
the screen should be made of leaded glass and 
maintained in good condition, and the operator 
should dark-adapt his eyes before operating the 
fluoroscope to reduce the needed time of expo- 
sure. 

10. Records of the number and type of pro- 
cedure should be kept so that at least some approxi- 
mation to the duration of exposure is known. If 
it appears excessive, the work should be replanned 
so as to reduce it. 

11. Unprotected exposure to the primary beam 
must be avoided. It is the greatest possible hazard 
in the operation, and it is unnecessary to subject 
oneself to it. 

12. Personnel dosimetry should be practiced 
where weekly exposures in excess of 75 mr. exist. 

13. Blood counts and medical examination of 
the hands (for fluoroscopists) should be performed 
at least annually. 


RADIOLOGICAL HAZARDS IN VETERINARI. 


Conclusion 


A survey of radiation hazards among vet- 
erinaries included about one-third of such 
establishments in the Greater New York 
metropolitan area. Measurements of the in- 
tensity of the radiation and estimates of the 
duration of exposure revealed the existence 
of potentially hazardous conditions in a 
considerable proportion of establishments. 
Actual damage had occurred in some 
veterinarians and is reported separately. 
‘luoroscopy presents greater hazard than 
radiography and is in more extensive use. 

Lack of “safety consciousness” in choice 
and use of equipment and in neglect of pro- 
tective measures adds to the hazard. 

A number of factors necessary to ade- 
quate control, applying the cardinal radia- 
tion protection principles of time, distance, 
and shielding, are discussed. These meas- 
ures can be effective only when intelligently 
applied by knowledgeable persons. 

Mr. Charles Shackford rendered technical as- 
sistance in making the required measurements. 
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JOHN T. MIDDLETON, Ph.D. 
and 


A. ©. PAULUS, Ph.D., Riverside, Calif. 


Air pollution is recognized because of its 
odor, effect on visibility, the human distress 
it causes, and damage to plants. Control 
of air pollution depends upon the specific 
identification of atmospheric contaminants. 
The levels to which designated pollutants 
should be reduced depend upon man’s sus- 
ceptibility to them and on their damaging 
effects to plants. Medical research can pro- 
vide information on their toxicity to human 
beings, whereas agricultural research can 
provide information on both their level of 
plant toxicity and their identity. A contam- 
inant-abatement program consists in favora- 
ble public opinion and application by 
engineering of findings of medical, physical, 
and agricultural sciences as related to the at- 
mosphere. 

Most studies of atmospheric contaminants 
have concerned themselves with ammonia, 
chlorine, carbon monoxide, ethylene, hydro- 
gen fluoride, hydrogen sulfide, mercury, and 
sulfur dioxide. Zimmerman! reports the 
decreasing toxicity of five gases to green 
plants to be as follows: hydrogen fluoride, 
chlorine, sulfur dioxide, ammonia, and hy- 
drogen sulfide. Benedict and Breen? re- 
port a similar range of toxicity to selected 
weeds, The same contaminants may be ar- 

Recorded for publication Aug. 9, 1956. 

Department of Plant Pathology, University of 
California. 

The parts of Figure 5 were accidentally reversed 
in preparing the copy for the photoengraver. The 
portion printed on the left should be on the right. 

Taken in part from a paper presented at the 
17th annual meeting of the American Industrial 


Hygiene Association in Philadelphia, April 23-27, 
1956. 
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ranged in order of decreasing toxicity to 
man according to tabular material presented 
by Johnstone *: chlorine, hydrogen fluoride, 
sulfur dioxide, hydrogen sulfide, and am- 
monia. Higher concentrations of these con- 
taminants are required to cause toxic effects 
in man than in plants. 

Mercury vapor from paints used in glass- 
houses have recently been shown by Dimond 
and Stoddard * to damage roses. These in- 
vestigators demonstrated by use of a vapor 
detector that there was less than 0.01 mg. 
of mercury per cubic meter in the atmos- 
phere. This level, approximately 0.008 ppm 
of mercury vapor, is not toxic to man; yet 
plants absorb and accumulate it up to 3.3 
ppm in leaf tissue. Rose foliage collects 
sublethal amounts of the contaminant, which 
cannot be detected by the usual sampling 
techniques but can be measured by chemical 
analysis of foliage. 

Hydrogen fluoride produces a marginal, 
zonate, tan-to-brown necrosis on the leaves 
of many plants (Fig. 1). Benedict and 
3reen? report that this atmospheric con- 
taminant can be identified by the compara- 
tive response of a variety of weeds. Alfalfa, 
camellia, citrus, and some other plants ac- 
cumulate fluorides in their leaves without 
damage. Instruments have not yet been de- 
veloped for recording atmospheric fluorides; 
therefore, plants are useful both for symp- 
tomatic expression of toxicant accumulation 
and as passive collectors of fluorides which 
can be measured by chemical analysis. 

Crocker and associates * show that epi- 
nasty, or abnormal leaf development, occurs 
in some plants, such as marigold, when 
they are exposed to 0.05 ppm of ethylene. 
Similar responses occur on tomato leaves 
as a result of exposure to 0.1 ppm of 
ethylene, 250 ppm of acetylene, and 1000 
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Fig. 1—Fluorine damage to gladiolus leaf. 
Left and right, fumigated with 10 ppb hydrogen 
fluoride. Center, not fumigated. (Courtesy, R. F. 
Brewer.) 


ppm of propylene. At these plant-damaging 
levels there are no known effects to man. 
Orchid flowers are seriously damaged by 
0.005 ppm of ethylene. The presence of 
minute concentrations of atmospheric con- 
tamination of ethylene and relatively higher 
concentrations of related short-chain un- 
saturated hydrocarbons can be detected by 
leaf epinasty and the development of dry 
sepal on orchid flowers (Fig. 2). 

Sulfur dioxide causes damage to some 
plants at concentrations far below those 
toxic to man. Thomas*® has shown that 
alfalfa responds adversely to about 1 ppm 
in one hour, whereas adverse effects are not 
noticed on muskmelon until about 8 ppm 


AIR POLLUTANTS THROUGH PLANT RESPONSE 


are present. Although plants can be used 
to detect sulfur dioxide in the atmosphere 
because of foliage response (Fig. 3), quan- 
titative measurements can be best obtained 
by recording instruments. 

Zimmerman ' reports that some plants re- 
spond adversely to carbon monoxide at 
500 ppm, while Crocker and associates * 
report leaf epinasty at 5000 ppm. Both of 
these are toxic to man. 
Therefore, chemicals or instruments must 
be used for measuring carbon monoxide, 
since plants are relatively insensitive. 

Oxidants have become important air 
pollutants in urban areas in the last decade. 
Three types of oxidants have been recog- 
nized: nitrogen oxides, oxidized hydrocar- 
bons (smog), and ozone. Nitrogen oxides 
produce damage to some plants after several 
hours’ exposure to 20 or 50 ppm according 
to Benedict and Breen.?, Humans may be 


concentrations 


adversely affected by exposure to these 
concentrations.® Instruments must be used 
for detecting nitrogen oxides at lower con- 
centrations, since plants are not sensitive in 
this range. 

The specific response of plants to ozone 
and oxidized hydrocarbons has been re- 
ported by Middleton.? Ozone damage to 
pinto beans occurs after an exposure of 4 
hours to 0.1 ppm or after 10 minutes to 
0.5 ppm. It is distinguishable from other 
types of air-pollution injury in that it pro- 
duces a bleaching and spotting of upper 
leaf surfaces (Fig. 3). The specific effects 
of these concentrations of ozone upon man 
have not yet been recognized, although 
ozone is suspect as an irritant in the Los 
Angeles area. 


Air-pollution damage to plants, resulting 
in a silvering, glazing, or bronzing of the 
lower leaf surfaces of many plants, has been 
observed in the Los Angeles area since 
1944 and in the San Francisco Bay area 
since 1950; this damage is referred to as 


smog, or oxidized hydrocarbon, damage 
4 and 5). Leaf damage to the weed, 
annual bluegrass (Poa annua), can be used 
to show the presence of smog (Fig. 6). 


This plant responds the same to ozone and 


( Figs. 
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oxidized hydrocarbons and so cannot be 
used to discriminate between these two 
toxicants. Symptoms indistinguishable from 
those observed in the field can be repro- 
duced under controlled fumigation condi- 
tions by exposing plants to the reaction 
products of ozonated gasoline or ozonated 
unsaturated hydrocarbons. The effects of 
these materials upon argicultural crops in 
California have been reported by Middle- 
ton and associates.* Atmospheric oxidant 
levels are customarily measured by the re- 
lease of iodine from neutral buffered potas- 
sium iodide. Oxidant recording instruments 
do not discriminate between iodine released 
by ozone and that released by other oxi- 
dants, including oxidized hydrocarbons and 
nitrogen oxides. Bleaching of the upper 
leaf surface of some plants, such as pinto 
bean, shows the presence of ozone, and a 
glazing and browning of the lower leaf 
surface show the presence of oxidized hy- 
drocarbons. There is no plant response to 
nitrogen oxides at usual atmospheric levels. 

The above discussion shows that plants 
respond to specific air pollutants, that plants 
may accumulate air-borne contaminants for 


* References 8 and 9. 
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Fig. 2.—Dry sepal 
damage of orchid. The 
flaccid, water-soaked, and 
collapsed sepal tissue re- 
sulted from exposure of 
orchid flowers to atmos- 
pheric ethylene the 
San Francisco Bay area. 


later chemical analysis, and that the amount 
of damage to plants provides an estimate 
of the level of pollution. Native plants, 
agricultural crops, and specially grown test 
materials, such as pinto bean,® may be used 
in air-pollution survey programs. 

The occurrence and distribution of air 
pollutants in California were determined by 
reporting plant damage in a statewide ex- 
perimental survey conducted in 1955. 
Specialists in agriculture in the University 
of California throughout the state were 
trained as crop survey reporters. Group 
meetings were held, usually at county level, 
and illustrative material presented to fa- 
miliarize the specialists with the effects of 
ethylene, fluorides, oxidized hydrocarbons, 
ozone, sulfur dioxide, and other pollutants 
upon plants. Field- and glasshouse-grown 
crops, as well as weeds, 
bioassay material. 

A special mark-sense IBM Air-Pollution 
Crop Survey card was developed, which 
provided entries for date, county, region 
within county, and an option to mark either 
“yes” or “no” damage for a variety of crops 
and weeds. The four categories of crops 
used were field, flower, fruit, and vegetable. 


were used as 
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Fig. 3.—Airpollution damage to pinto bean test Fig. 4+—Natural smog, or oxidized hydro- 
plants. Left, effect of sulfur dioxide to primary leaf. carbon damage to Chenopodium. Left, sil- 
Right, effect of ozone to primary leaf. Center, vered and glazed injury to the lower leaf sur- 
healthy, untreated leaf. face. Right, no injury to the upper leaf surface. 
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Fig. 5—Oxidized hydrocarbon damage 
to romaine lettuce. Left, necrosis of the 
lower leaf surface. Right, upper leaf sur- 
face undamaged except for chlorosis re- 
sulting from collapse of cells on the lower 
leaf surface. 


Fig. 6—Annual bluegrass with leaves bleached and 
necrotic from exposure to natural air pollution (smog). 
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cach category listed 10 specitic crops of 
varying susceptibility to diverse pollutants. 
The field crops were alfalfa, barley, clover, 
common bean, corn, cotton, oats, rice, sudan, 
and sugar beet. The flower crops included 
begonia, carnation, China aster, chrysanthe- 
mum, orchid, petunia, rose, snapdragon, 
stock, and sweet pea. The fruit crops were 
apricot, avocado, cane fruit, grape, lemon, 
orange, peach, pear, strawberry, and wal- 
nut. The vegetable crops listed were beet, 
cabbage, celery, cucurbit, endive, head let- 
tuce, romaine, spinach, sweet corn, and 
tomato. 

A fifth category listed eight weeds useful 


for recognizing plant-damaging air pol- 


lutants. 


These were Chenopodium, chick- 
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weed (Stellaria), Malva, nettle, Poa, rocket 
(Sisymbrium), Sonchus, and wild oat. A 
block 


special observer comments, which were to 


“miscellaneous” was provided for 
be on the back of the card. 

A record of the plant observations is 
made by marking the Air-Pollution Crop 
Survey card, a single card being used for 
each local observation. The type of toxicant 
responsible for damage is determined. by 
symptoms noted by the observer and the 
range of plants which show damage. If 
the observer notes damage to some plant 
which he cannot recognize as due to some 
specific air pollutant, a “yes” mark is made 
in “miscellaneous,” details written on the 
back of the card, and plant material sent 
together with the card. 


Fig. 7.—Distribution of 
areas report damage; lined 


Air-Pollution Crop Survey reports in California for 1955. Solid 
areas report no damage; no reports received for unmarked areas. 
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The presence of ethylene or other short- 
chain unsaturated hydrocarbons is noted by 
damage to orchids, while sulfur dioxide, hy- 
drogen fluoride, ozone, and oxidized hydro- 
carbons apparently do not affect orchid 
flowers at tested atmospheric concentrations. 
Report of damage to carnation would also 
indicate the presence of ethylene. If a 
single card reports da nage to carnation and 
orchid as well as petunia, the presence of 
both oxidized hydrocarbons and ethylene is 
recognized. 

The presence of toxic foliar accumula- 
tions of fluorides would be recognized if 
there were “yes” reports for damage to 
apricot, grape, or Chenopodium and a “no” 
report for alfalfa, citrus, or rocket. Other 
combinations of plant species can be sim- 
ilarly used for reporting the presence of 
atmospheric fluorides and for distinguishing 
this pollutant from others. 


Sonoma Napa 


SanraR 


San Francisco 


Fig. 8—Regional distribution of air-pollution 


fornia as shown by blackened areas. 
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Sulfur dioxide would be recognized if 
the report was “yes” for alfalfa and “no” 
for common bean, Poa, or rocket, “yes” 
for cucurbit and “no” for romaine; the 
reverse would show oxidized hydrocarbons. 

An estimate of the level of pollution from 
oxidized hydrocarbons (or smog) is arrived 
at by noting the relative susceptibility of 
crop response. A “yes” report for damage 
to Poa and “no” to other weeds represent 
a low level of toxicity. If there are “yes” 
reports for Poa, Chenopodium, chickweed, 
nettle, and rocket, there is a moderate level; 
if there are “yes” reports for Malva and 
all other weeds, a high level exists. On 
the other hand, if there is a “yes” report 
for Malva and a “no” report for Poa or 
rocket, a pollutant other than oxidized hy- 
drocarbon may be concerned, or the observer 
may have incompletely filled the card. 

Specific directions have been given for 
reporting ozone damage to plants. The 
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Fig. 9—Regional distribution of 
California as shown by blackened area. 


observer is requested to mark appropriately 
the plant species as well as the “miscel- 
laneous” block and to explain on the back 
of the card the o 
and what part of 


ccurrence of the symptoms 

the leaf has been affected. 
If the damage is limited to the upper leaf 
surface and consists of a chlorosis and 
limited brown spotting, the presence of 
ozone can be established. 

The annual summary of monthly tabula- 
tions shows that plant damage occurs in 12 
of 51 counties reporting. The distribution 
of reports is shown in Figure 7. Regional 
tabulations show that plant damage is lim- 
ited to the San Francisco Bay area (Fig. 8) 
and the coastal plain of southern California 
(Fig. 9). It is interesting to note that the 
areas reporting plant damage are those of 
greatest population density. This would seem 
to support the thesis that urban air pollution 
is the result of man’s total activities and not 
that in which a 


few specific industrial 


sources are responsible. 
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air-pollution 


Oceansioe 


plants in 


damage to 


southern 


coastal 


The 1955 statewide survey yielded a total 
of 2668 reports and 544 cases of damage. 
Of these, 449 reports on vegetables showed 
57 cases of damage; 434 reports on field 
crops showed 65 cases of injury; 644 re- 
ports on ornamentals showed that 253 were 
damaged; 458 reports on fruits showed only 
9 positive cases of injury; 652 observations 
on weeds noted 130 instances of injury. 
There were 31 reports of a miscellaneous 
nature, and all but one showed positive 
damage. 

The toxicants responsible for plant dam- 
age are recognized in decreasing order 
of importance as oxidized hydrocarbons 
(smog), ethylene, fluorides. There 
were no specific reports of damage due to 
ammonia, chlorine, hydrogen sulfide, nitro- 
gen oxides, or ozone. 


and 


Occasional reports 
of sulfur dioxide were directly attributable 
to accidental spillage of industrial effluent. 

Smog (or oxidized hydrocarbons) is 
fairly broadly distributed within the air 
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basins associated with urban development. 


Fluorides are apparently distributed near 


and on specific industrial sites. Ethylene 
appears to be restricted to urban areas, and, 
although this may be in part attributable to 
the fact that ornamental plants, such as car- 
nation and orchid, are usually grown near 
large population centers, it is more likely re- 
stricted to urban areas, since ethylene is a 
by-product of incomplete combustion of 
organic fuels and commonly found in the 
exhaust of gas- and oil-fired appliances as 
Sul- 


fur dioxide is of unusual occurrence and its 


well as automobile and truck exhaust. 


distribution usually associated with specific 
industrial wastes. The lack of specific re- 
ports in 1955 of damage attributable to 
ozone is of considerable interest, since it 
is generally believed that ozone is present 
in the urban areas of Los Angeles and San 
Francisco and responsible for a significant 
part of the total atmospheric pollution. 
The common occurrence and widespread 
distribution of ethylene and smog, or reac- 
tion products from the oxidation of hydro- 
carbons, emphasize the need for regional, 
than 


abatement programs. 


rather county-based, research and 


Members of the University of California Agri- 
cultural Extension Service made this survey pos- 


sible; J. Davidson and K. L. Middleham prepared 


the illustrations. 
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Ability of Chemical Agents to Alter the Uptake and Retention of Fission Products 


in Animals Exposed to Radioactive Fall-out 


S. H. COHN, Ph.D. 

J. K. GONG, B.S. 

and 

W. L. MILNE, B.S., San Francisco 


The inhalation or ingestion of fall-out - 


products immediately following a nuclear 
detonation or an accident involving a nu- 
clear reactor will result in the internal depo- 
sition of a very large number of fission 
products. While the majority of these 
fission products have a short radioactive 
life (minutes to days), a few are long-lived 
(weeks to years) and thus present a chronic 
internal radiation hazard. The most impor- 
tant of the fission products which persist 
for long periods are Zr®, 
and Pr'#*, They have the following com- 
mon properties: (1) They constitute a high 
percentage of the fission yield; (2) they 
emit beta particles sufficiently energetic to 
produce significant biological damage; (3) 
they are “bone seekers,” and (4) they have 
a relatively long biological and radioactive 
half-life. Thus, once these elements gain 
entry into the body, they are rapidly accu- 
mulated and “fixed” in the skeleton, where 
they subject the radiosensitive bone marrow 
to chronic irradiation. 

The most successful solution to the prob- 
lem of internal contamination has been the 
development of a technique whereby the 

Received for publication Aug. 22, 1956. 

U. S. Naval Radiological Defense Laboratory. 

From a paper presented at meeting on “Ex- 
perimental and Chemical Approaches to Treatment 


of Poisoning with Radioactive Substances,” Ar- 
gonne National Laboratory, October, 1955. 


deposition of the fission products is inhib- 
ited or the fission products are removed 
shortly after deposition in the body. These 
results are achieved by use of certain chem- 
ical agents which combine with the circulat- 
ing or deposited fission products to form 
a complex which is rapidly excreted. 

Two chemical agents have proved eftfec- 
tive in this decontamination method: eda- 
thamil (ethylenediaminetetraacetic acid or 
EDTA) and zirconium citrate. These chem- 
ical compounds are, however, effective only 
when administered shortly before or soon 
after exposure to the fission products. 

By administration of the salts of eda- 
thamil it has been possible to remove from 
the skeleton and soft tissues significant 
amounts of Y*! and Pu?*® parenterally ad- 
ministered.* Zirconium citrate has been 
used to remove Sr§*, Th**8, and Pu?5® 
from bone and soft tissue.+ Zirconium 
citrate, when administered prior to the 
radioisotopes, prevented the deposition of 
a significant amount of injected Sr*® and 
Y* in the skeletal tissue. 

To date, all the studies on decontamina- 
tion with zirconium citrate and edathamil 
have been performed on one or two isotopes 
at a time. No studies have been made on 
the decontamination of animals which have 
been exposed to the whole spectrum of 
fission products produced by nuclear det- 
onation. 

It has been the object of the present 
experiment to determine the ability of the 

*References 1 and 2. 

+ References 3 to 6. 

t References 6 and 7. 
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two above-mentioned chemical agents to 
alter the skeletal and soft tissue retention 
of fission products in animals exposed to 
a mixture of fission products. The efficacy 
of decontamination procedures was studied 
in two situations: (1) in the period imme- 
diately following an inhalation exposure to 
a simulant of fall-out (characterized by 
the presence of a large number of short- 
lived fission products) and (2) after an 
interval following intraperitoneal injection 
of a fission product mixture (this later 
period being characterized by the presence 
of a few long-lived fission products). 


Experimental Procedures 


Experiment I—Modification of the uptake and 
retention of fission products by edathamil and 
zirconium citrate was investigated in mice sub- 
jected to an acute inhalation exposure to a fall-out 
simulant. The simulant prepared contained the 
ionic form of two- to three-day-old fission products 
from neutron-bombarded uranium. It has the prop- 
erties of material that would be produced by a 
nuclear detonation in sea water. The simulant was 
aspirated as a liquid aerosol into the animal inhala- 
tion chamber for a period of one hour. The equip- 
ment for generating the aerosol and the special 
chambers designed to hold the animals are de- 
scribed.in other reports.§ 

A group of six adult female LAf; mice were 
treated with 12.5 mg. of zirconium citrate ad- 
ministered intraperitoneally one-half hour before 
and one hour after exposure. A second group of 
six exposed mice were pretreated and post-treated 
at the same times with 2.0 mg. of edathamil sodium 
A third group of six exposed mice were injected 
with saline at the same times and served as con- 
trols. All the animals were killed seven days after 
exposure, and their tissues were removed and 
analyzed for gamma activity. The gamma activity 
assays were performed with a sodium iodide gamma 
scintillation counter. The tissues were mounted in 
Coors porcelain crucibles and positioned under the 
crystal. 

Experiment I].—Seventy-three female Sprague- 
Dawley rats were used in this experiment, distrib- 
uted among eleven experimental groups and one 
control group. Each animal was injected with a 
tracer amount of a carrier-free mixture of long- 
lived fission products (MFP) in dilute HCl. A 
255-day-old mixture of fission products from the 
Oak Ridge Pile was used. The principal fission 
products present in the mixture at this time” in 


§ References 8 and 9. 
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terms of per cent contribution to the total activity 
were : 


Cb* 23% 8% 

Sr® 6% 
7% 

12% 2.3% 


Zirconium citrate, sodium citrate, and edathamil 
were administered in various combinations before 
and after the injection of the fission product mix- 
ture (Fig. 2). The chemical compounds were 
administered by intraperitoneal injection with the 
exception that zirconium citrate was administered 
orally to the animals in Group C. 

Five days after the MFP injection the animals 
were killed. The following tissues were removed 
and their beta activity measured: (1) skeleton; 
(2) liver; (3) soft tissues (all remaining internal 
organs and carcass of animals minus the skeleton), 
and (4) excreta.|| 

For determination of the beta activity the soft 
tissues (with the exception of the liver) and the 
excreta were each dried and ashed in a muffle 
oven at 550 C for 24 hours. The ash was dissolved 
in 2 N HCI, and an aliquot was plated out in a 
Coors crucible for radioanalysis. The liver was 
dried and wet-ashed with concentrated HNO, and 
prepared as above for radioanalysis. In all cases 
the beta activity of the MFP was measured under 
a thin-window Geiger counter with a standard 
sealing circuit. Correction for mass absorption was 
made by addition of the appropriate mass to the 
injection standard solution. 

The tibiae and remainder of the skeleton were 
removed, cleaned of soft tissue, and analyzed for 
radioactivity. The ratio of total skeletal MFP 
content to the MFP content of one tibia was found 
to be 27. From this ratio an estimate of the total 
skeletal MFP content was calculated. 


Results and Comment 

In the first experiment zirconium citrate 
was found to be effective in altering the 
uptake and retention of some of the fission 
products in the skeleton and soft tissues in 
mice exposed to-a simulant of fall-out from 
nuclear detonation. The skeletons of the 
zirconium-citrate-treated animals contained 
only 40% of the activity found in the un- 
treated controls at seven days after exposure 
(Fig. 1). The lung and liver of the animals 
in the treated group each contained 60° 
of the activity of the corresponding tissues 

|| In both experiments the animals were kept in 
individual metabolism cages, and the excreta for 
the entire experimental period were collected in 
plastic bags fitted over the bottoms of the cages. 
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TREATMENT OF POISONING FROM FISSION PRODUCTS 


- sauine 
EDTA —80 MG/KG BODY WEIGHT 


0 Zr CITRATE —$00 MG/KG BODY WEIGHT 


GAMMA ACTiviTY/ TISSUE IN PER CENT OF CONTROLS 


Fig. 1—Effect of zir- 
conium citrate and edath- 
amil on the distribution 
and retention of fission 
products in mice exposed 
to a simulant of fall-out 
from nuclear detonation. 
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RESPIRATORY 

TRACT 
in the control animals. The activity in the 
G. I. tract of the treated animals averaged 
125% of the controls at this time. 

The animals treated with edathamil had 
slightly less activity in the lung and head 
than the untreated controls. No other ef- 
fects on the distribution of the activity in 
the tissues of animals exposed to the air- 
borne simulant were noted as a consequence 
of the administration of this chemical agent. 

In the second experiment administration 
of either edathamil or zirconium citrate to 
animals one hour prior to the injection of 
the MFP resulted in an increase of more 
than 40% in the excretion of MFP from 
the body (Fig. 2). Administration of 
either of these chemicals one hour after the 
injection of the MFP, however, produced 
only a slight increase in the excretion of 
MFP. At three days following the MFP 
injection administration of zirconium citrate 
produced no significant effect on MFP ex- 
cretion. The most marked enhancement of 
MFP excretion (80%) occurred when eda- 
thamil was administered one hour prior to 
the injection of the MFP and zirconium 
citrate was hour after 


administered one 


(Group L, Fig. 2). This effect was con- 
comitant with a lowering of the MFP re- 
tained in the skeleton and liver. 

The skeletal 
MFP concentration occurred in Group B, 
which was pretreated with zirconium cit- 
rate, and in Group K, which was pretreated 
with zirconium citrate and also post-treated 
with edathamil. In Group B the treated 
animals had about 30% of the MFP con- 
tent found in the skeletons of the untreated 
controls. administered 
alone one hour after MFP injection (Group 


most marked decrease in 


Zirconium citrate 
D), or in combination with edathamil pre- 
treatment (Group L), was less effective in 
reducing skeletal MFP concentration than 
pretreatment at one hour with zirconium 
citrate. Treatment with edathamil one hour 
after MFP injection in animals pretreated 
at one hour with zirconium citrate was a 
little less effective in reducing skeletal de- 
position than pretreatment with zirconium 
citrate alone. 

The concentration of MFP in the liver 
was greatly reduced by administration of 
either zirconium citrate or edathamil at one 
hour prior to the injection of MFP. The 
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TREATMENT OF POISONING 


most marked lowering of MIP in the liver 
occurred in animals receiving combined 
Pretreatment with edathamil and 
post-treatment with zirconium citrate were 
the most effective method used to reduce 
liver content of MFP. Pretreatment with 
zirconium citrate and post-treatment with 
edathamil were not quite as effective and 
further increased the retention of MFP in 
the soft K). 
However, as noted above, this sequence of 
treatment was very effective in reducing the 
concentration in the skeleton. Pretreatment 
with zirconium citrate alone (Group B) 
also resulted in an increased deposition in 


treatment. 


remaining tissue (Group 


the soft tissue accompanying the reduced 
skeletal deposition. It is interesting to note 
that, following zirconium citrate treatment, 
Hackett '* observed a marked increase in 
the retention of Pu**® in the soft tissues. 
It was found in this experiment that the 
injected long-lived fission products were 
found (in the controls) to be about evenly 
distributed among the skeleton, soft tissues, 
and excreta at five days’ following their 
injection. In his study of the absorption, 
distribution, and excretion of individual fis- 
sion products, Hamilton ?* has shown that 
Cel4, and accumulate to a 
high degree in the skeleton and are subse- 
The pres- 
ence of the large fraction of injected MFP 


quently eliminated very slowly. 


in the soft tissues can be explained, accord- 
ing to Hamilton's data,'* in terms of a high 
uptake by the liver of the Pr’ and Cel 
components of the MFP mixture. 
Schubert ® has postulated that the action 
of zirconium in removing fission products 
from the body results from the adsorption 
of the circulating fission products by the 


colloidal zirconium aggregates formed in 
the blood. These aggregates are subse- 
quently excreted from the body. The effec- 


citrate as a 
decontaminant in this experiment apparently 


tiveness of zirconium 
also depends on the action of the zirconium 
rather than on that of the citrate ion. This 
follows from the observation 
that sodium citrate treatment had no sig- 


conclusion 


FROM FISSION PRODUCTS 


nificant effect on the distribution of the 
injected MFP (Groups G and H). 

The mechanism of the action of edathamil 
in removing deposited fission products from 
the body is based on the ability of edathamil 
to complex metals, after which they are ex- 
creted The low 
efficiency of edathamil treatment noted in 
this experiment probably results from the 
fact that the affinity of edathamil for most 


of the fission products occurring here is less 


in nonmetabolized form. 


than that for the competing calcium ion in 
the body. With only trace amounts of the 
fission products present and large amounts 
of calcium simultaneously present in the 
body, only a fraction of the fission products 
are chelated by edathamil. 


Summary 

The ability of zirconium citrate and eda- 
thamil sodium to alter the distribution and 
retention of both an injected mixture of 
long-lived fission products and an inhaled 
mixture of short-lived fission products was 
measured. The mixture of long-lived fission 
products contained those isotopes which pre- 
sent the most serious health hazard from 
the point of view of chronic internal irradi- 
ation. The whole spectrum of fission prod- 
ucts the experiment 
reproduces an acute exposure to fall-out 


used in inhalation 
following nuclear detonation. 

The most effective chemical agent for the 
prevention of skeletal deposition of both 
short- and long-lived fission products is 
zirconium citrate, preferably administered 
shortly before injection or exposure to 
MFP (mixed fission products). Post-treat- 
Treat- 
following exposure must be 
made within an hour for maximum effec- 


ment is also useful, within limits. 
ment 


tiveness; after this time only slight changes 
in MIP retention noted. Treatment 
which reduces the skeletal deposition effec- 
tively increases the deposition in the soft 
other than this effect was 
noted with the zirconium citrate. 


are 


tissues liver; 


The most effective treatment for reducing 
the MFP content in the liver was pretreat- 
with edathamil 


ment and 


post-treatment 
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with zirconium citrate. [Excretion of MFP 
is also increased most by this treatment. 
However, while the skeletal deposition is 
reduced, it is not altered as much as by 
pretreatment with zirconium citrate alone. 
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MORRIS KLEINFELD, M.D. 
and 
JOHN T. WILSON, M.D., New York 


The prevention of illness and injury asso- 
ciated with compressed-air work depends 
largely on recognition of the hazards in- 
volved and application of recognized medical 
and environmental control measures.’ The 
hazards in this work can be divided into 
(a) those which occur within the working 
environment, such as aero-otitis, 
sinusitis, oxygen toxicity, sudden accidental 


aero- 


decompression, fire and explosion, mechan- 
ical trauma, excessive noise, noxious gases 
and dusts, and increased temperature and 
humidity, and (b) those which are due to 
inadequate decompression after leaving the 
working area. The appropriate name, de- 
compression sickness, has been given to the 
clinical picture and is preferred to that of 
compressed-air illness or caisson disease. 
Recently a great deal of attention has been 
focused on the lesion in bone, described as 
aseptic bone necrosis, which is felt by many 
to be a complication of decompression sick- 
The occurrence of this lesion in bone 
has been one of the chief reasons for the 
recent increase in insurance costs for tun- 
nel operations. 


ness, 


The purpose of this paper is to review 
the illness and injuries in a recent sewer 
tunneling operation which required the use 
of compressed air. The findings illustrate 
the hazards mentioned as well as their sig- 
nificance in current industrial work requir- 
ing compressed air. 


Received for publication Sept. 13, 1956. 
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Decompression Compressed-_Air 
ina Tunneling Operation 


Most of the compressed-air work was 
completed at the time of this investigation, 
so that all the information was obtained 
from the following sources: physicians on 
the job, company records, official reports to 
the State agency, and the hospital records 
of workers requiring hospitalization. 


Data 


The 5-mile sewer was of a reinforced- 
concrete intercepting type. Its construction 
in reclaimed land and its proximity to a 
large body of water necessitated the use of 
compressed air. The pressures required 
ranged from 7 to 22 lb. per square inch 
above atmospheric pressure. The stage 
method of decompression was employed, and 
the decompression time varied from 12 to 
15 minutes, depending on the working pres- 
sure. 

In the period covered by this survey 
(August, 1954, to January, 1956) 1157 
compressed-air workers were employed. Of 
these, 176 men, or 15%, had decompression 
sickness; 112 men had single attacks, and 
64 men had multiple attacks. There was 
a total of 305 attacks, of which 275 oc- 
curred in an estimated total of 170,400 de- 
compressions, giving an attack rate of 
0.16%. The remaining 30 attacks were 
experienced by 12 workers classed as walk- 
ing bosses, engineers, or survey men, whose 
job required their entering and leaving the 
compressed-air environment several times a 
day. The total number of decompressions 
for this group could not be estimated. The 
highest incidence occurred at pressures be- 
tween 19 and 22 lb. per square inch above 
atmospheric pressure, but 33 attacks oc- 
curred at pressures between 15 and 19 Ib. 
(Fig. 1). 
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attaske /Gecompressions at varying working pressures 


Pressure (lbs./sq.in. above atmosphere) 


Fig. 1—Graph showing increased incidence of bends at higher pressures. 


ASSUMING NORMAL DISTRIBUTION: 
A. All Workers With Bends: 
8.D. = = 7 
Expected Bo. = (4%55)(0.12) 55 
Range = 55 4 7 
Probability for above No. (82) = 1% 


B. Multiple Bends: 
= 4.2 Fig. 2.—Data, statistic- 


ally evaluated, showing 
Expected No. = (455)(.0%) = 18 increased incidence — of 
bends in overweight 
Range = 18 4 4.2 group as compared with 
normal. 
Frobability for above No. (37) * 1% 


0.5 

0.3 

$ 

i 

3 O02 

0.2 
0.0 

15.9 16 

: WEIGHT: 

Total No. Total with 

“f workers bends Multiple Bends 

Underweight 15 12.1 5 4.0 

Norma. 533 12.0 21 3.9 

Overveight 82 18.0 3978.2 
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The incidence of decompression sickness 
Was significantly greater in those men who 
were overweight (Fig. 2). There was no 
particular correlation with height or weight 
alone or with age, race, shift of the day, 
or season of the year. 

The great majority of the attacks were 
bends involving primarily the knees and 
lower extremities. Abdominal cramps oc- 
curred in 3.95% of the cases; staggers, in 
3.64%; other manifesta- 
tions in the form of numbness, paresthesias, 


nervous system 
or paresis of the extremities, in 1.32%, and 
chokes, in 1.0%. 


although 20 men were hospitalized, as stated 


There were no fatalities, 


by the physician in charge, to insure proper 
No particular 
specificity for type of manifestation or site 


rest after recompression. 


of involvement was seen in repeated attacks. 
The onset of the attacks varied from im- 
mediate to as long as 24 hours after leaving 
the decompression chamber. 
In addition to decompression sickness a 
not insignificant number sustained injuries 
related to various operations in the working 


environment. These included  aero-otitis, 
aerosinusitis, burns, fractures, and other 
forms of trauma. Fifty-three of these 


workers were hospitalized for the following 
injuries : 


Fractures (simple and compound) 23 
Lacerations, bruises, and sprains 18 
Burns (third degree) 1 
Smoke poisoning due to explosion 10 


None of the x-rays taken for these frac- 
tures, or to rule out fracture, showed evi 
dence of aseptic bone necrosis. 


Comment 


The principles underlying the control of 
illness associated with compressed-air work 
are well established; they have received wide 
publication and need no further elaboration 
here. Moreover, the practicability of apply- 
ing these principles successfully has been 
demonstrated by the Navy in its subter- 
ranean work.* The failure to utilize fully 


* Willman, Capt. T. L., (MC) U.S. N. R.: Per- 


sonal communication to the authors. 


DECOMPRESSION SICKNESS IN TUNNELING OPERATION 


the available knowledge is the major prob- 
lem at present. 

The data disclosed in this sewer project 
are representative of the over-all situation in 
this type of operation today. While the at- 
tack rate of 0.16% does not significantly 
exceed that of other studies, in the light 
of the pressures employed, the control meas- 
ures available, and the number of workers 
involved, it is too high. When it is con- 
sidered that 176 men, or 15% of those ex- 
posed, sustained 305 bouts of an_ illness 
known to be preventable, the need for more 
effective measures is obvious. 

The clinical picture is similar to that de- 
scribed in the many previous studies and 
requires no elaboration. The increased 
susceptibility of the obese person to decom- 
pression sickness observed in this study is 
in keeping with the finding of other investi- 
gators. The occasional long delay before 
onset of symptoms noted by others is also 
demonstrated in this study. 

Ordinarily the high cost of the risk in- 
volved ($52 compensation insurance per 
$100 wages) would induce effective engi- 
neering and medical control of the hazard. 
In view of this cost to industry and the 
discomfort to the workers, it is difficult to 
understand why better control has not been 
instituted. 

Part of the answer lies in the poor under- 
standing of the problem by labor and in- 
dustry, which results in resistance to ef- 
fective control. The resistance of labor is 
shown by the workers seeking to’ avoid 
proper decompression and refusing to sub- 
mit to complete physical examination and 
x-rays. While fears of job security and 
loss of rights under workmen’s compensa- 
tion are understandable, they are not realis- 
tic. The refusal to be x-rayed makes it 
impossible, as in this study, to evaluate the 
incidence of aseptic necrosis of bone, which 
so greatly increases the compensation rate.? 

The resistance of industry is shown by 
its Opposition to accepting a revised Indus- 
trial Code Rule which would incorporate 
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sound medical and engineering principles. 
This opposition adds to the difficulty of a 
governmental agency in getting at the facts. 
However, no governmental code rule can be 
effective unless labor and management co- 
operate in its application. Education is ob- 
viously needed to promote a better under- 
standing of the problem and for the ultimate 
realization of more effective control of the 
hazard. 


Summary 


Data on illnesses and injuries oecurring 
in a recent sewer-tunneling project using 
compressed air are reviewed. One hundred 
seventy-six workers sustained 305 attacks of 
decompression sickness. These attacks rep- 
resent an incidence of 15% of the workers 
employed and 0.16% of the total number 
of decompressions. Although the incidence 
rose with the increased pressure, a signifi- 
cant number of cases occurred at pressures 
below 19 lb. per square inch. 

Overweight persons were more suscepti- 
ble, but there was no apparent correlation 


with height, weight, race, shift, or season 
of the year. 

The principal manifestation was in the 
form of bends. 
mon but did not involve the same site in 
the majority of cases. 


Recurrences were com- 


The long delay in onset of symptoms 
after decompression in several cases (24 
hours) confirms that reported by others. 

The occurrence of a number of illnesses 
and injuries within the working environ- 
ment, requiring the hospitalization of 53 
workers, indicates the other hazards asso- 
ciated with this operation. 

The problem of the high morbidity from 
an industrial operation for which adequate 
able is discussed. The resistance of manage- 
medical and environmental control is avail- 
ment and labor to the institution of effective 
control is stressed and its background dis- 
cussed. The need for education to promote 
a better understanding of the problem in 
order to realize more effective control is 
suggested. 
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The Navy and Marine Corps have huge 
industrial organizations. During the fiscal 
year 1954 (July, 1953, through June, 1954) 
there were some 1,400,000 persons in their 
land, sea, and air operations. Of this num- 
ber about one-third were Naval civil-service 
employees.! They were concentrated in very 
large numbers in Naval air stations, ord- 
nance depots, supply centers, and shipyards. 
An example of this is the New York Naval 
Shipyard where about 18,000 Naval civil- 
service employees were on duty. The mili- 
tary personnel, as would be expected, are 
used mainly to man the ships. Each ship 
may be considered, as far as occupational 
health hazards are concerned, much like any 
small industrial plant ashore. 

Those having top-management control of 
the various Naval industrial-type activities, 
like their civilian counterparts in industrial 
management throughout our country, are 
well aware of the importance of maintaining 
good health and high morale among their 
With this in mind the Navy 
and Marine Corps have developed in the 
past 10 to 15 years a comprehensive and 


personnel. 


modern occupational health program for the 
care of both military and civilian personnel. 
The program is in full operation in all the 
larger Naval industrial-type activities and to 
a less extent in smaller stations, depending 
upon the needs. It consists mainly of occu- 
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pational medical and industrial hygiene 
engineering practices and other preventive 
measures used to protect employees against 
working environments that may adversely 
affect health. The program is established 
to protect the health of not only those 
engaged in heavy industrial trades but also 
those working as executives or holding 
other key positions. 

The rapid technological progress made in 
Naval industrial activities has brought along 
new health hazards. Occupational health 
personnel are heavily taxed in their efforts 
to prevent and control these conditions. 
Some of the newer health hazards are the 
use of such as those in 
rocket propellants, the use of new hydraulic 
Huids in elevators and catapults on aircraft 
carriers, and the use of new fire extinguish- 
ing agents. Other new health hazards arise 
from high-intensity noise created by jet 
aircraft, microwaves generated by radar, 
ionizing radiation 


new chemicals, 


wide- 
spread use of radioactive isotopes, and nu- 


resulting from 


clear energy now beginning to be used to 
propel submarines. 


Authority 


Authority to conduct the occupational 
health program for Naval civil-service em- 
ployees is given, for the most part, in the 
following *: 

(a) Public Law 658, 79th Congress (60 Stat. 
903) authorizes heads of departments and agen- 
cies, within the limits of appropriations available 
to them, to establish health service programs for 
the purpose of promoting and maintaining the 
physical and mental fitness of employees. 

(b) Under the U. S. Employees’ Compensation 
Act of Sept. 7, 1916, as amended to Oct. 14, 1949, 
certain types of medical treatment are provided 
by Navy medical personnel. 
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(c) Section 24 (b) of Public Law 604, 79th 
Congress (60 Stat. 853; 5 USC 421 e) authorizes 
the Secretary of the Navy “to make such expendi- 
tures as he may 
and maintenance 
personnel of the naval establishment . . . 

(d) Under the Civil 
Commission certain physical examinations of em- 
Executive Order 4071 of 
Sept. 4, 1924, directs the heads of departments hav- 
ing medical personnel to make such physical ex- 
aminations of applicants for and employees in the 
Federal competitive service as may be requested 


deem appropriate for promotion 
of . . . occupational health . . 


” 


regulations of Service 


ployees are necessary. 


by the Civil Service Commission or its authorized 
representative. 
Compensation service-con- 


Naval 


civil-service employees are settled and paid 


for 
or disabilities 


claims 
nected illnesses of 
for through the Bureau of Employees’ Com- 
pensation, which is a branch of the United 


States Department of Labor. 


Responsibility 
The occupational health programs of the 
Navy and Marine Corps are under the di- 
rection of occupational medical officers. 
They are responsible, under their respective 
officers top 


proper correlation of 


commanding who represent 
management, for the 
the various phases of the programs and for 
conducting them in an efficient and effective 
manner. The occupational medical officers 
report directly to top management. This is 
necessary, as the close cooperation and sup- 
port of top management are essential to con- 
duct successfully an occupational health 
program. Further, 


officers should have postgraduate training 


occupational medical 
in occupational medicine, as it is a varied 
and extensive service. In all the larger 
Naval industrial-type activities the occupa- 
tional medical officers either have had ex- 
tensive experience, due to years of service 
in the field of occupational health, or have 
had formal postgraduate training in occu- 
pational medicine as well as extensive field 
experience. Civilian occupational medica! 
physicians are presently being employed in 
Naval the 
occupational health program for Naval civil- 
At this time about 67 
civilian physicians are on duty in various 


industrial activities to conduct 
service employees. 


Naval industrial activities. 
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Objectives 

The objectives of the occupational health 
program in the Naval service are the same 
as those in any large industrial organization 
in civil life. Some of these may be listed 
as follows: to maintain a condition of readi- 
ness; improve position placement; promote 
safety of personnel; prevent occupational 
medical conditions, and maintain and pro- 
mote the general health of employees. All 
these help to promote employee morale and 
lower production costs. 


Elements of the Program 

The over-all occupational health program 
for the Navy and Marine Corps is pub- 
lished in detail in the Naval Civilian Per- 
sonnel Instructions Manual, Section 88, and 
the Naval Manual of the Medical Depart- 
ment. These publications are available at 
all Naval 


Briefly the program covers the following 


and Marine Corps activities. 
subjects : 
General provisions of the program 


Health 


Finding of infectious or communicable disease 


examinations 


Immunization 
Chest x-ray program 

Diagnosis and advisory service 

Hearing conservation 

Sight conservation 

Medical, dental, and nursing care 

Industrial hygiene engineering 

Reporting and analysis of statistics and services 
(Quarters and facilities 

Much could be said about each of the 
subjects mentioned in the Naval occupa- 
tional health program. However, just a few 
general remarks will be made regarding the 
program. Following this some statistical 
information will be given on the occupa- 
tional health of Naval and Marine Corps 


civil-service employees. 


Medical Care 


Industrial health reports for the fiscal 
year 1954 from 126 Naval establishments 
show that an average of 1645 Naval civil- 
service-employee patients were seen daily 
for medical, psychiatric, and surgical con- 
ditions, the same conditions as would be 
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found in any large hospital outpatient 
In addition to the usual types of 


patients seen in hospital clinics and else- 


clinic. 


where, the industrial dispensary received 
large numbers of patients with conditions 
and diseases which are attributed to their 
work environment. 

The 


conditions or 


incidence of occupational medical 
diseases in the Navy and 
Marine Corps is low compared with that of 
nonoccupational conditions. Dermatological 
conditions have had the highest incidence. 
They were caused mainly by solvents, oils, 
greases, and explosives. Upper respiratory 
conditions were next in frequency and were 
caused mainly by dust, fumes, and organic 
vapors. 

Medical conditions due to chemical agents 
still are a grave concern to the Naval occu 
pational medical officer and his staff. Most 
chemical agents are under control, but some 
well-known ones that may cause poisoning, 
namely, carbon tetrachloride, carbon mon- 
oxide, benzene, arsenic, mercury, and lead, 
still continue to be a threat or to cause ill- 
nesses among Naval industrial employed 
personnel unless adequate preventive meas- 
ures are practiced. 

Alert Naval occupational medical officers 
and their staffs may, by the proper use of 
known preventive measures, prevent to a 
large degree diseases due to physical agents, 
such as decompression, actinic rays, blasts, 
noise, electricity, motion, heat, and dusts. 

One should proceed cautiously in making 
a diagnosis of an occupational disease. The 
fact that a person has been exposed to 
conditions hazardous to health may be a 
wrong lead and may act as a mask to the 
true etiologic agent. 

Definitive medical treatment is provided 
for civil-service employees for illness or 
injuries incurred in the performance of 
duty. This is usually done in well-staffed- 
and-equipped medical dispensaries in the 
various Naval activities. The dispensaries 
are located as close to the majority of per- 
sonnel on a station as possible in order that 
they may be in a position to give prompt 
emergency care and also to conserve on time 


used by patients in going to the dispensary 
and returning to their places of employment. 
If hospitalization is needed for a service- 
connected illness or injury, the civil-service- 
employee patients are usually sent to a 
United States Public Health Service hos- 
pital. If none of these is available, any 
government hospital may be utilized for this 
purpose, or, if necessary, a civilian hospital. 

Emergency medical care is rendered for 
minor non-service-connected illnesses or in- 
juries until arrangements can be made, if 
further attention is indicated, to transfer 
these patients to the care of their family 
physicians. Every effort is directed toward 
cooperating and working harmoniously with 
the patients’ family physicians and the local 
health departments, thereby helping to es- 
tablish good community relations. Commu- 
nicable diseases are reported in the usual 
manner, 


Statistics 

Naval and Marine Corps industrial activi- 
ties employing 300 or more civil-service 
employees are required to submit Form 
576 (Industrial Health Data Sheet) month- 
ly to the Bureau of Medicine and Surgery, 
Department of the Navy, Washington 25, 
D. C. This report covers on-the-job medical 
care rendered to civil-service employees and 
consists mainly of the following: 

Occupational injuries 

Occupational medical conditions 

Nonoccupational sickness or injury 

Number of re-treatments for occupational condi- 
tions 

Number of physical 


examinations chest 


X-rays 


The statistics that follow were developed 
from data obtained in the Industrial Health 
Data Sheet reports ! and Statistics of Naval 
Shipyards.* 

During the fiscal year 1954 (July, 1953, 
through June, 1954) more than 600,000 pa- 
tients with morbid conditions were treated 


or interviewed in various Naval occupa- 
tional medical facilities. Approximately one 
patient out of five was treated for oceupa- 
tional Most of the 128,500 occu- 


pational cases (976) were due to trauma, 


causes, 
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DURING FY 1954— 


SEA, AND AIR OPERATIONS —— AND —— 


— WITH | OUT OF EACH 68 
RESULTING IN 


A TOTAL OF OVER 


THE NAVY EMPLOYED ABOUT 1.4 MILLION PERSONS IN ITS LAND, 


ALMOST 1/3 WERE CIVILIANS. 


OF MORE THAN 600,000 MORBID CONDITIONS TREATED AMONG 
CIVILIAN EMPLOYEES OF NAVAL ESTABLISHMENTS 


APPROXIMATELY 1 OUT OF 5 (128,500) WAS FOR OCCUPATIONAL CAUSE— 


LOST TIME FROM WORK. 


186,000 RETREATMENTS WERE RENDERED 
FOR AILMENTS ATTRIBUTABLE TO OCCUPATION. 


Medico! - 3% 


while only 3% were due to occupational 
medical conditions. One out of every sixty- 
eight cases resulted in lost time from work. 
One hundred eighty-six thousand re-treat- 
ments were performed for occupational con- 
ditions (Fig. 1). 

Of the more than 600,000 cases reported 
during the fiscal year 1954, 79% were due 
to nonoccupational conditions (Fig. 2). 
About one out of every seven patients seen 
for nonindustrial conditions was referred to 
his family physician. 

Naval civil-service employees are granted 
a number of days’ sick leave each year for 
nonindustrial The trends 


illnesses. in a 
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Figure 1 


comparative study of the number of em- 
ployees reported on sick leave in the various 
Naval shipyards, as per cent of the grand 
total yard employment in a time series 
presentation of sick leave rates, are pre- 
sented in the accompanying charts (Figs. 3 
to 5). The sick leave rate trends for each 
shipyard have been compared with the aver- 
age rate for all shipyards. In this manner 
the charts may be used by both manage- 
ment and occupational medical officers to 
follow trends in shipyard sick leave rates, 
comparing each with the average rate for 
all shipyards. All the yards show an in- 
crease in sick absenteeism during the winter 
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Figure 2 
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months, with the exception of Pearl Harbor. 
This may be due to the inclement weather 
occurring at this time of the year in our 
country, while Pearl Harbor may be having 
mild weathcs. The shipyards on the north- 
eastern seaboard show a higher average sick 
absenteeism rate than those on the south- 
This like- 
is felt to be attributable in large 
measure to weather conditions, the northeast 
having cold winters while the southeast and 
west have comparatively mild winters. 


eastern and western seaboards. 
wise 


Many other factors are considered in try- 
ing to determine the cause for variations 
in sick absenteeism, such as number of male 
and female employees, number of personnel 
employed in the heavier-type industries, 
ages of personnel, working conditions, em- 
ployee morale, and effectiveness of the 
occupational health program. 
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TaBLe 1.—Incidence Rates for Traumatic Injuries, Medical Conditions, and 
Nonoccupational Illnesses Among Civil-Service Employees * of the 
Navy by Quarter: Fiscal Year 1954 
(Rates on an Annual Basis per 1000 Average Population) 
Occupations ul 
Quarter Total Nonoccupational 
Total T raumatic Medical 
FY 1954 1,777.9 373.3 361.1 2.2 1,404.6 
1,872.8 401.6 3384.0 of 1,471.2 
1,710.7 359. 349.1 . 1,351.3 
1,765.7 357: 347.8 1,407.8 
1,760.1 373.7 363.1 fi 1,386.4 


*T'aken from reports from naval establishments with 300 or more civil-service employees. 

Note.— These rates are based on the average daily population exposed and not on the number of man-hours worked. 

During the fiscal year 1954 the medical conditions was high during the first quarter 
workload for  civil-service employees and reached a secondary peak in the third 
throughout the Navy was greatest during quarter (Table 1). The morbidity experi- 
the first quarter (July through September, ence, both occupational and nonoccupational, 
1953). In the first quarter 165,607 cases of different naval activities varied consider- 
were recorded. Following this, the number ably (Table 2). This could be due to any 
declined to 147,150 in the last quarter of the following: variation in number of 
(April through June, 1954). hazardous occupations; efficiency of safety 

The occupational traumatic injury rate programs (accident prevention); type of 
on an annual basis was highest during the supervision, and degree to which the occu- 
first quarter (384 per 1000). It was lower  pational health program is conducted. The 
from October through March, then rose highest morbidity rates were in the Bureau 


slightly in the fourth quarter (April through of Supplies and Accounts, owing mainly 
June). The rate of occupational medical to the large number of nonoccupational 
conditions was also highest during the first cases reported. The Bureau of Naval Per- 
quarter. It remained lower and fairly sonnel had the most favorable morbidity 
steady in the last three quarters of the fiscal rates for both occupational and nonoccupa- 
year. The rate of nonoccupational medical tional conditions (Fig. 6). 


TABLE 2.—Rates for Traumatic Injuries, Medical Conditions, and Nonoccupational 
Illnesses Among Civil-Service Employees* of the Navy, by Management 

Control Activity: Fiscal Year 1954 

(Rates per 1000 Average Population) 


New Cases Ratio of New 
Occupational 
Management-Control Activity Occupational Cases to 
— Nonoccupational Lost-Time 
Traumatic Medical Cases 


Bureau of: 
Supplies and Accounts 
Aeronautics 
Ordnance. 
Medicine and Surgery 
Ships 
Yards and Docks... 
Naval Personnel... 


Office of Naval ree. 
Marine Corps_ 


ar 


Multiple 
Continental U. 
Noncontinental 


*'Taken from reports from naval establishments with 300 or more civil-service employees. 
Note. These rates are based on the average daily population exposed and not on the number of man-hours worked. 


— 
Ist 
2d 
a 
4th___ 
ee 
Total.._.. 1,777.9 373.3 361.1 12.2 1,404.6 
2,272.7 214.5 208.7 5.8 
2,135.8 494.1 426.9 7.2 
1,986.1 425.1 401.5 23.6 
1,978.1 263.7 256.3 7.4 = 
1,679.9 413.8 399.3 14.5 ee 
893.8 282.5 275.1 7.4 
654.8 184.4 175.4 9.0 
1,718.2 179.0 175.5 3.5 1 1 
1,081.8 241.3 234.5 6.8 840.5 1 
1,065.5 248.7 245.5 3.2 816.8 1 
1,096.6 234.6 224.5 10.1 862.0 1 : 
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INDUSTRIAL MEDICINE IN THE NAVY 


NEW CASES TREATED AMONG CIVIL-SERVICE EMPLOYEES IN NAVY ACTIVITIES, FY 1954 
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Figure 6 


The ratio of new occupational cases to 
lost-time cases in the fiscal year 1954 
showed that, out of every 68 new employees 
treated for occupationally caused conditions, 
1 lost time from work. The Bureau of 
Ships’ employees had the most favorable 
lost-time ratio, 123/1, or less than 1 case 
in 100 cases treated (Table 2). 

There were 186,440 re-treatments for oc- 
cupational conditions. All of these, except 
about 4%, were due to traumatic injuries. 
There were 1.4 re-treatments for each trau- 
matic injury (Table 3). 

A total of 280,532 physical examinations 
were reported by those activities submitting 
the Industrial Health Data Sheet (Report 
576) during the fiscal year 1954. About 
one-third of these examinations were peri- 
odic physical examinations. They were 
performed on personnel employed in haz- 
ardous occupations. The other examina- 
tions have been for special reasons and 
placement. The objective of these latter 
examinations has been to determine whether 
an applicant for a position is physically and 
mentally capable of performing the duties 
that will be required of him on a specific 
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job. The examining physician, no matter 
how well qualified he may be professionally, 
will not be able to determine properly 
whether an individual is physically and 
mentally qualified for a specific position 
unless he has first-hand knowledge of the 
physical and mental requirements needed 
for the position. The only way that the 
examining physician may obtain this infor- 
mation is by frequent visits throughout the 
particular industrial activity and by making 
a study of specific position requirements. 


Summary 


It is hoped that these remarks on occu- 
pational health in the Navy and Marine 
Corps may stimulate further interest and 
understanding in this important preventive 
medical field. 

The successful operation of the Naval 
occupational health program may be attrib- 
uted to the close teamwork on the part of 
several associates in the Navy and Marine 
Corps disciplines, i. €., management, occu- 
pational medical officers, industrial hygiene 
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engineers, nurses, dentists, administration 
officers, ophthalmologists or optometrists, 
safety engineers, and hospital corpsmen. 

A brief description of the laws giving 
authority to conduct an occupational health 
program for Naval civil-service employees 
has been presented, as have been the con- 
stituents of the program and some of its 


objectives. 
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Some statistics on occupational and non- 
occupational injuries and medical conditions 
have also been presented. 
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Respiratory Response of Guinea Pgs lo 
of Ethylene Oride 


MARY O. AMDUR, Ph.D. 
and 
JERE MEAD, M.D., Boston 


Kthylene oxide is used as an intermediate 
in organic synthesis and as a_ fumigant, 
especially of textiles and foodstuffs. Be- 
cause of increasing industrial and military 
interest in the hazards to personnel exposed 
to the vapor, an examination of its effects 
on respiration seemed of value. 

A technique developed in this laboratory 
enables changes in ventilation and in the 
mechanical properties of the lungs to be 
studied quantitatively in unanesthetized 
guinea pigs during exposures of several 
hours to known concentrations of respira- 
tory irritants. Quantitative assessment of 
this response to irritant action is possible 
before the occurrence of external signs of 
respiratory distress, mortality, or gross 
pathological damage upon which conven- 
tional methods of toxicology depend, thus 
extending downward the range of concen- 
trations which can be studied. 


This paper presents the results of a study 
of the respiratory response to ethylene oxide 
using this new toxicological approach. The 
interpretation of the results will be dis- 
cussed and compared with the response to 
sulfur dioxide reported earlier." 


Methods 
A. Physiological 
three 


The 
are intra- 
pleural pressure (pressure within the chest 


Measurements. 


necessary measu rements 
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cavity at the lung surface), tidal volume 
(volume of air moved per breath), and the 
rate of flow of gas in and out of the respira- 
tory system. 

A technique not requiring anesthesia was 
especially advantageous for toxicological 
work, since animals with normal reflex be- 
havior could then be studied. At the same 
time this meant that all measurements had 
to be made in such a way as to cause a 
minimum of discomfort. 

Intrapleural pressure was measured by inserting 
a fluid-filled tube directly into the chest cavity 
with the animal under ether anesthesia. 
procedure took minutes, 
surgical technique was required. 


The whole 
only a few since no 
The animals re- 
covered rapidly from the anesthesia and showed no 
signs of discomfort from the presence of the 
catheter. 

The ends of the catheter were connected through 
adapters to three-way stopcocks. This permitted 
the tube to be flushed through regularly with saline 
containing a little heparin; the pressure was kept 
sufficiently below atmospheric pressure to prevent 
fluid retention in the intrapleural space. Side-holes 
in the portion of the tube within the chest cavity 
allowed for pressure transmission. For pressure 
recording a Sanborn electromanometer, a direct- 
current amplifier, and a direct-writing recorder 


were used, The system was calibrated with a 


water manometer. 

Tidal volume was measured by recording the 
pressure changes produced in a body plethysmo- 
graph connected to a 5 liter reservoir bottle. As 
the animal breathed, the pressure in the plethysmo- 
graph and reservoir bottle varied directly with 
the volume. The pressure changes of the system 


were transmitted to a sensitive pressure 


and 
recorder. The average tidal volume of a guinea 


trans- 
ducer, strain-gauge amplifier, direct-writing 
pig produced a pressure change of about 3.5 mm. 
water in the plethysmograph and reservoir bottle. 

Rates of flow of air in and out of the respira- 
tory system were obtained by electrical differen- 
tiation of the volume signal with respect to time. 
\ tracing of the flow pattern was obtained by 
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Fig. 1—Sample tracings of guinea pig respiration. The tracing on the left is during the 
control period on air alone. The one on the right is from the same animal during exposure to 
ethylene oxide. 


feeding the flow-rate signal into a direct-current pressure change must be overcoming elastic 
amplifier and the direct-writing recorder. 
Sample tracings are shown in Figure 1. 
Both tracings are from the same animal; the 
one on the left was obtained during the 
control period, and the one on the right dur- 
ing exposure to ethylene oxide. It is evident 
that during exposure the animal breathes 
more slowly and that the amplitude of the 
volume and the pressure have increased, 
while the rate of flow of air has decreased. 


forces only. This is shown schematically in 


By relating the volume and flow rate to in- 
trapleural pressure changes at specific points 
during the respiratory cycle, we can obtain 
information on the mechanical properties 
of the lungs. 


The intrapleural pressure has an elastic OP, 
component, which relates to elastic recoil of | = RESISTANCE 
the lungs, and a resistive component, which é 
relates to resistance to flow of gas in the 
lungs and airway and to the resistance of 
the lung tissue. These two components can 
be evaluated separately. 


At the beginning and end of inspiration 
no air is being moved into or out of the 


respiratory system; hence at these moments Fig. 2A (top), method of measuring pul- 
monary compliance. B (bottom), method of meas- 
uring pulmonary resistance. 


the resistive component drops out, and any 
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Effects of Ethylene Oxide on Respiration 


Ethylene Oxide, 
Mean and Range, i] 


Ppm | 280 (185-300) 832 (736-950) 1865 (1320-2850) 
Animals, No. | 4 } 4 6 
Control | Ist Hr. | Control | Ist Hr. | 2d Hr. | 3d Hr. |} Control | Ist Hr 2d Hr. | 3d Hr. 
| } 
Minute volume, ml. 121 113 | 132 | 117 | 113 | 89oT | 141 | 107* | 113* 98* 
Respirations, per min. | 76 82 80 | 83 81 | Sit ! 89 | 77* | 64° 43° 
| 
Tidal volume, ml. 1.6 42 | 15 | | 18 2.4* 
| | | 
Compliance, | 0.19 0.16 0,22 0.19 | O17 } 0.18 || 0.22 | 0.17 | 0.18t 0.13f 
ml./em. H:0 | | | 
Resistance, 0.91 0.91 0.70 0.83* 0.91* 0.99" 0.73 | 1.01° |  1.04° 1,60* 
cm. H :O/ml./see. | | 


* Differs significantly from control P=0. 


| Differs significantly from contro] P=0.02. 


Figure 2.4. The volume change per unit 
of pressure change at instants of no flow 
is called compliance. A decrease in compli- 
ance means that the lungs are “stiffer” or 
have a greater effective elastic recoil, since 
more pressure is needed to move a given 
volume of air against elastic forces. This 
situation occurs, for example, in a patient 
with pulmonary fibrosis. 

At points of equal volume during the 
respiratory cycle the elastic forces must be 
approximately equal, and the pressure 
change between two such points must relate 
only to resistance to flow in the lungs and 
airway. This is shown schematically in 


one 
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Fig. 
ethylene oxide on ventilation, average of 
animals, 


Figure 2B. The pressure per unit of flow 
Increased resistance 


constriction 


is termed resistance. 
observed where bronchial 
and/or obstruction have occurred, for ex- 
ample, in the case of a patient with asthma. 

The frequency of breathing can be deter- 
mined, since the recorder paper moves at 
known speeds. The minute volume is cal- 
culated by multiplying the average tidal 
volume by the number of breaths per 


is 


minute. 

B. Dispersion and Analysis of Ethylene 
Oxide 
160 
120 ay MINUTE VOLUME ~ ML 
804 


3.04 
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RESPIRATIONS/ MIN. 
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Fig. 4.—Effect of exposure to 1865 ppm of 


ethylene oxide on ventilation, average of six 


animals 
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A dynamic system was used in which vapor 
from a cylinder of ethylene oxide was metered 
into a moving air stream which passed through a 
2 cu. ft. mixing chamber. The concentrations used 
could be maintained to 
several hours. 


for periods of 
The air in the chamber was analyzed for ethyl- 
ene oxide in the manner recommended by Jacob- 
son, Hackley, and 
reagent was 0.1 N 


Feinsilver.2 The collecting 
HCl containing 64% by 
weight of CaCl. The air sample was drawn at 
the rate of 1 liter/minute through two glass 
bubblers in series, each containing 15 ml. reagent. 
\ third bubbler in series contained 15 ml. dis- 
tilled water to trap any acid drawn over. The 
contents of the bubblers were rinsed into a flask; 
three drops of methylene blue-methyl red indi- 
cator * were added, and the excess acid was titrated 
with 0.1 N NaOH. 

C. Exposure Conditions 

The body plethysmograph was placed in a gasket 
of rubber tubing and clamped to the exposure 
chamber so that the head of the animal projected 


into the chamber. A control period of about an 


hour on air alone was followed by the addition of 
ethylene oxide to the air stream. 
times were one to three hours. These were fol- 
lowed in some cases by recovery periods of as long 
as four hours. 

Results of Exposure to Ethylene Oxide 

The qualitative signs observed in the 
guinea pigs exposed to ethylene oxide were 
similar to those reported in the literature.* 
A one-hour exposure to 185-300 ppm pro- 
duced no visible signs in four animals. In 
the case of one animal the exposure to 300 
ppm was continued for three hours without 
producing any signs of distress. 

At concentrations of 736-950 ppm a clear, 
frothy exudate from the nostrils was ob- 
served in three out of four animals during 
the third hour of exposure. Shortly there- 
after signs of severe respiratory distress 
appeared in these animals and progressed 
to gasping by the end of the three-hour ex- 
posure. One animal was studied for four 
hours after the exposure ended, during 
which time no signs of improvement were 
seen. 

At concentrations of 1320-2850 ppm all 
six animals showed a nasal exudate and 
progressive respiratory difficulty. In this 
case again the onset of signs was not imme- 


The exposure 


* References 4 to 6. 


556 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


diate and appeared first during the second 
hour of exposure. Three of these animals 
died, two at the end of the third hour of 
exposure and the third an hour after the 
exposure ended. 

Although we were not dependent upon 
these observations of gross symptoms of 
respiratory distress or on mortality, it is 
of interest to note that both fit, in general, 
with the data reported in the literature. 
Patty ® presents a detailed table giving the 
results found by various authors on cats, 
rabbits, rats, guinea pigs, and dogs. This, in 
general, indicates that most species can 
tolerate 250 ppm or less for exposures up 
to eight hours without serious harm. Con- 
centrations twice that cause an occasional 
death, and concentrations of 1100-1300 ppm 
are frequently fatal following an exposure 
of four to eight hours. 

The data obtained on the effects of ethyl- 
ene oxide on respiration are summarized in 
the Table. The four animals exposed for 
one hour to concentrations around 280 ppm 
showed no changes either in ventilation or 
in the mechanical properties of the lungs. 
In one animal from this group the extension 
of the exposure time to three hours pro- 
duced no measurable respiratory effects. 

A concentration of 832 ppm_ produced 
changes in respiration, as indicated in the 
Table. Tidal volume, respiratory rate, and 
minute volume were not affected appreci- 
ably during the first two hours of exposure. 
During the third hour, however, both the 
respiratory rate and the minute volume de- 
creased. These changes during the third 
hour were statistically significant at the level 
of P=0.02. 

The course of these events at 10-minute 
intervals is plotted in Figure 3. Postexpo- 
sure studies were continued for one hour in 
all four animals, for two hours in three 
animals, and for three hours in two animals. 
Figure 3 indicates that during this period 
the respiratory rate and minute volume did 
not return to control values. In the course 
of previous experimental work?! control 
guinea pigs have been maintained for cor- 
responding time periods without the appear- 
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Fig. 5—Effect of exposure to 1865 ppm of 


ethylene oxide on pulmonary mechanical behavior, 
average of six animals. 


ance of such changes; hence, the effects 
seen here may be attributed to the exposure 
to ethylene oxide. 

As indicated in the Table, exposures to 
832 ppm did not cause a major change in 
the mechanical properties of the lungs. The 
slight decrease in compliance for the group 
was not statistically significant. The resist- 
ance increased gradually during the three- 
hour exposure. The resistance changes were 
statistically significant at a level of P=0.01. 

The Table shows that a concentration of 
ethylene oxide of 1865 ppm produced a 
decrease in minute volume and respiratory 


TIDAL VOLUME 


ML. 


OXIDE 


rate, which became apparent during the first 
hour of exposure and progressed as the 
exposure continued. In addition, an in- 
crease in tidal volume occurred during the 
third hour of These changes 
were statistically significant at a level of 


P=0.01. 


The course of these events with time is 


exposure. 


shown in ligure 4 for the average of six 
animals. Two of these animals died just 
at the end of the three-hour exposure; so 
the postexposure data are for the remaining 
A third animal died an hour 
after the exposure ended, 


four animals. 


As indicated in the Table, the exposure 
to 1865 


changes in the mechanical properties of the 


ppm of ethylene oxide caused 


lungs. The course of these changes with 
time is shown in Figure 5. The compliance 
decreased slightly during the first two hours 
of exposure and then fell suddenly and 


The 


crease during the second and third hours 


markedly during the last hour. de- 
was statistically significant at a level of 
P=0.02. The 
what during the first two hours and then 
rose sharply during the last hour of expo- 


resistance increased some- 


sure. These changes were statistically sig- 
nificant at the level of P=0.01. 

That the respiratory pattern of these 
animals exposed to the high concentrations 
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of ethylene oxide had become quite abnor- 
mal by the third hour of exposure is shown 
by a comparison of Figure 6 with Figure 1. 
The animals were mouth breathing, prob- 
ably due to almost complete blockage of the 
nasal passages with frothy exudate. Resist- 
ance measurements made on such tracings 
are of questionable validity and in the cir- 
cumstances cannot be taken as a definite 
indication of marked bronchial constriction. 


Comment 

The effects of ethylene oxide may be 
compared with the effects of sulfur dioxide 
reported earlier. The following are the 
main points of difference between the two 
irritants. 

1. Concentrations producing measurable 
respiratory changes are of a different order 
of magnitude, i. e., 800 ppm for ethylene 
oxide and 20 ppm for sulfur dioxide. 

2. With ethylene oxide the response was 
delayed, whereas with sulfur dioxide the 
response was almost immediate. 

3. The effects of sulfur dioxide were re- 
versible, whereas those of ethylene oxide 
showed further progression after a three- 
hour exposure ended. 

4. By comparison with the effects of 
sulfur dioxide the mortality and external 
signs of respiratory distress resulting from 
exposure to ethylene oxide were out of pro- 
portion to the changes observed in the 
mechanical properties of the lungs. 

5. In the animals exposed to sulfur di- 
oxide, pulmonary resistance increased out of 
proportion to the change of compliance, and 
it was concluded that bronchial constriction 
was the predominant effect. In animals ex- 
posed to ethylene oxide, when mechanical 
changes were observed, increase in resistance 
was accompanied by a major decrease in 
compliance. Such a relationship between 
resistance and compliance is not consistent 
with bronchial constriction as the major 
effect. Rather it suggests that complete ob- 
struction of some portions of airway has 
occurred. 

The effect of airway obstruction within 
the smaller passages of the lungs on pul- 
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monary mechanical behavior may be illus- 
trated with the following example: If 
one-half of the airways of the lung were 
obstructed, a given tidal volume would 
stretch the ventilated portion of the lung 
twice as much as in the unobstructed state ; 
the change 
would be approximately doubled for a given 


accordingly elastic pressure 
volume change and the measured compliance 
would be cut in half. Since the total cross 
section of the free airways would also be 
cut in half, it would take twice as much 
pressure to produce a given flow rate, and 
the measured resistance would be approxt- 
mately doubled. 

When the lungs of animals exposed to 
1865 ppm of ethylene oxide were examined 
at autopsy, they bled freely when cut but 
showed no gross evidence of pulmonary 
edema, as no froth was expressed from the 
cut surfaces. This is in agreement with the 
results of Jacobson, Hackley, and Fein- 
silver,” who found some congestion in the 
lungs of dogs and only a minor degree of 
patchy edema in the lungs of rats exposed 
to ethylene oxide. They suggest that the 
maximal effect on rats, short of death, was 


simple irritation of the upper respiratory 


tract with increased secretions. The 
changes in pulmonary mechanical behavior 
caused by ethylene oxide indicate that in 
the guinea pig the lung itself has been 
affected and the action of ethylene oxide is 
not limited to the upper respiratory tract. 
Although the tidal volume rose by the 
end of a three-hour exposure to 1865 ppm 
of ethylene oxide, the respiratory rate had 
decreased to such an extent that the total 
ventilation of the lungs was reduced (Tig. 
of blood 


oxygen saturation, but it is very likely that 


4). No measurements were mac: 


these animals were anoxic. 


Summary 


A method has been presented for the 
study of changes in ventilation and in the 
mechanical properties of the lungs of un- 
anesthetized guinea pigs caused by expo- 
sures of several hours to respiratory 
irritants. By the application of these meth- 
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ods to exposures of guinea pigs to ethylene 
oxide, it was shown that this irritant causes 
a decrease in pulmonary compliance and an 
increase in pulmonary resistance. These ef- 
fects did not become pronounced until the 
third hour of exposure to concentrations of 
800 to 2000 ppm and were irreversible. A 
concentration of 280 ppm had no detectable 
effect upon the animals. No evidence was 


obtained indicating that bronchial constric- 


tion is a major toxic action of ethylene 


oxide in guinea pigs. Obstruction of the 
airways with secretion is suggested as a 
possible partial explanation for the changes 
seen. In general, the external symptoms 
and mortality were out of proportion to the 
changes in mechanical properties of the 


lungs. 
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Introduction 


Determination of the primary deposition 
of aerosol material in the various portions 
of the respiratory tree has been the main 
objective of most studies on the respiratory 
such 
those reviewed by Eisenbud? that will not 


retention of aerosols; studies include 
be recited here, as well as mere recent 
publications.* Determination of the fate of 
the deposited the 
variation of its distribution in the whole 
body with reference to time has been at- 


aerosol material and 


tempted less frequently.; The present re- 
port gives analyses of the amount of aerosol 
material located in different tissues of rats 
killed up to 24 hours after inhalation of an 
aerosol of toluidine blue dye of 5.1 in 
mean diameter and of relatively high mass 


concentration. 


Experimental Procedures 


blue 
dye was chosen for this study as a representative 


Choice of Aerosol Material —Toluidine 
water-soluble vital staining dye. Previous studies” 
had already demonstrated its suitability for aerosol 
formation. It only remained to devise a method 
for spectrophotometric estimation of the dye and a 
method of extracting it from rat tissues. 
Toxicity of Toluidine Blue.—Toluidine 


blue, under the trade name “Blutene,’’ 1s 
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marketed by Abbott Laboratories as an anti- 
hemorrhagic drug for oral treatment of ab- 
normal uterine bleeding. Richards = found 
that oral doses up to 400 mg. toluidine blue 
per kilogram body weight caused no side- 
effects in mice. Rats given daily oral doses 
of 45 mg/kg. body weight for four weeks 
exhibited neither signs of toxic effects dur- 
ing treatment nor gross or histologic ab- 
normalities at autopsy. When administered 
intravenously in mice, an L. D.59 of ap- 
proximately 40 mg/kg. was obtained. In 
normal dogs Allen ' reported that intraven- 
ous doses of 5 mg/kg. did not produce path- 
ologic changes in the organs studied. Fol- 
lowing intravenous or oral administration 
of the dye, staining of internal organs was 
apparent for a time, but no tissue damage 
was contributed to this effect.§ These data 
indicate that toluidine blue might be ex- 
pected to produce few or no toxic symptoms 
when administered to rats by the aerosol 
route. 

Aerosol Exposure.—Figure 1 illustrates 
the adaption of the Roller separator to per- 
mit exposure of rats to the aerosols pro- 
duced in the separator, using a 4 liter filter- 
ing flask as exposure chamber. Previous 
work ™* had shown that, with the particular 
sample of toluidine blue used throughout 
these experiments, an air-flow rate of 2.5 
liters per minute in conjunction with the 
9 in, diameter separation chamber shown 
in Figure 1 produced an aerosol of 5.1p 
mean Under these the 
aerosol concentration decreased relatively 
slowly with time during a run two or three 
hours in duration.’* Using 10.0 gm. to- 


size. conditions 


tRecords of Pharmacology Division, Abbott 
Laboratories, 1947-1952. 


§ Abbott 
0853, 1953. 


Laboratory Bulletin A244/R1-150- 


= 


_ Fig. 1—Use of the Roller separator for aerosol 
inhalation studies with rats. 


luidine blue as starting material, the mean 
aerosol concentration was 4.0 gm. per cubic 
meter of air when averaged over a run 
three hours in duration. Of nine rats ex- 
posed under these conditions, four died 
from suffocation during the inhalation pe- 
riod. All rats exhibited severe breathing 
difficulties, and more might have died, had 
they not been killed immediately following 
the exposure period. With 3.0 gm. dye as 
starting material, the mean aerosol concen- 
tration was 1.2 gm. per cubic meter of air 
when averaged over three hours. At this 
concentration the only death seen in a series 
of 39 rats occurred with a rat retained 
without provision of food or water for 24 
hours after exposure to the aerosol. When 
water was provided after exposure to those 
rats that were not immediately killed, no 
more deaths occurred. These were the con- 
ditions employed for the study reported 
below. 

Spectrophotometric Estimation of Dye.— 
The wave-length-absorption curve for a 
methyl alcohol solution of toluidine blue 
gave a maximum at 625 mu. At this wave 
length a straight-line relationship between 
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BLUE AEROSOL 


optical density and dye concentration was 
observed. Similar results were obtained in 
75% methyl alcohol solution, where the ex- 
tinction coefficient of toluidine blue (molec- 
ular weight 306) was e¢g25=67,000. 

Excision of Tissues—-Rats were anes- 
thetized with ether at a predetermined time 
following aerosol exposure. The skin was 
cut from abdomen to neck and large flaps 
of skin folded to each side to avoid con- 
tamination of subcutaneous tissue by dye 
clinging to the skin. Next the peritoneal 
cavity was opened, the diaphragm cut, and 
approximately 4 ml. blood collected by 
cardiac puncture, using an 18 gauge hypo- 
dermic needle. Excess ether was then ad- 
ministered to kill the rat. Tissues were 
excised into jars containing measured vol- 
umes of water. Care was taken to avoid 
loss of dye from the ends of organs, such 
as stomach and esophagus. All tubular 
organs, such as trachea, esophagus, small or 
large intestine, and rectum, were split down 
one side immediately on excision. Lastly the 
skin of the head was completely removed, 
and the head portioned into five sections by 
cuts through the two nostrils and turbinates, 
through the muscles connecting the lower 
and upper jaws, and through the jaw bone 
separating the incisor teeth on the lower 
jaw. 

Extraction. of Dye from Tissues.—A 
method was required that would effect 
thorough extraction of dye as well as de- 
naturation of the protein. Blenderizing with 
alcohol proved unsuccessful, since denatura- 
tion made the tissues more resistant to dis- 
ruption. Blenderizing with water permitted 
disruption of the tissue, but some dye could 
still be seen bound to the tissue; in addition, 
the colloidal state of the protein was un- 
suitable for the production of a clear extract 
by filtration or centrifugation. The final 
procedure was chosen to combine the ad- 
vantages of both methods of extraction. 

All tissues other than the head or stomach 
were excised into 25 ml. water and blender- 
ized for three minutes in the semimicro 
container of the Waring blender. The con- 
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tainer was cooled by standing in ice water 
for and one-half minutes. Then 75 
ml. of 100% methanol was added, and the 
tissue blenderized for three more minutes 
in a total of 100 ml. of 759% alcohol. The 
volume of tissue plus supernatant was now 
and the supernatant filtered 
twice through Whatman No. 42 filter paper. 
Occasionally a third filtration was necessary 


one 


determined, 


to obtain a clear filtrate. The optical density 
of the filtrate at 625 mp was then deter- 
mined in a Beckman Model-B Spectro- 
photometer, using 75% the 
blank. 

The procedure for stomach was modified 
only insofar as the tissue was excised into 
40 ml. water, and 120 ml. of 100% methyl 
alcohol was added after the initial blenderi- 
zation. The head was excised into 40 ml. 
water and dissected into five fragments, as 
After standing for one 
hour with occasional stirring, 120 ml. of 
100% methyl alcohol was added, and the 
fragments permitted to stand for at least 
hour with occasional stirring. 
Then the extract was filtered before deter- 
mination of optical density at 625 mu. 

The above procedure was chosen after 


methanol as 


described above. 


one more 


preliminary trials of various blenderizing 
periods. Blenderizing for six minutes with 
both water and alcohol produced sufficient 
amounts of colloidal protein that prepara- 
tion of a clear extract became a problem; 
in addition, the semimicro container of the 
Waring blender tended to overheat when 
Even 
when using a blenderizing period of three 


run continuously for six minutes. 


minutes, cooling in ice water was necessary 
to avoid subsequent overheating. During 
this three-minute period soft tissues, such 
as liver, were completely disrupted, while 
fragments of stronger tissues, such as 
trachea, still remained intact. In the second 
three-minute blenderizing period in 75% 
alcohol the tissues were further disrupted, 
more dye was extracted, and the tissue 
protein was denatured and coagulated. Even 
at this stage some dye remained visibly 
bound to certain tissues. Experiments were, 
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therefore, undertaken to determine whether 
this bound dye might be extracted by more 
vigorous procedures. 

Tests of the Completeness of Dye Ex- 
traction.—Following the above extraction 
procedure, tissues were resuspended in 
fresh 75% methanol, and the optical density 
of the methanol determined at 
625 my after stirring, standing, and filtering; 
this resuspension ensured a_ low initial 
optical density, thus permitting any sub- 
sequent increases in optical density to be 
determined more accurately. The 
were now extracted in a Soxhlet apparatus 
for periods of from one-half to three hours. 
After extraction a clear filtrate was pre- 
pared, and the optical density at 625 my 
again read. The additional percentage of 
dye obtained by Soxhlet extraction, follow- 
ing initial extraction by the blenderizing 
method, is recorded in Table 1. 


aqueous 


tissues 


TABLE 1—Soxhlet Extraction of Tissues Already 
Extracted by the Blenderizing Procedure 


Mean Increase 
Determinations, in Dye Extraction, 
No per Cent 


Tissue 


Head - ( 10.9 


Trachea 

Lung 
Esophagus... 
Stomach 

Small intestine- 
Large intestine. 
Kidney... 


Liver 


Since the head was the only tissue not 
blenderized in the extraction method, con- 
siderable additional extraction of dye by 
the Soxhlet procedure was expected. Table 
1 shows that, although the amount of addi- 
tional dye extracted was larger than with 
other tissues, the amount averaged only 
11%. Moreover, dye remained visible on 
tissue fragments of head even after a three- 
hour extraction period. Similar failure to 
remove all bound dye was seen with trachea, 
stomach, and intestines. Soxhlet extraction 
was therefore not included as a step of 
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the extraction method, since the additional 
effort could not be justified by the small 
additional recovery of dye, and the extrac- 
tion of bound dye would still be incomplete. 
It was preferable to restrict extraction to 
the simple blenderizing method and_ to 
acknowledge that this method failed to ex- 
tract all the bound dye from the tissues. 
Dye Extraction from Plasma.—The 
method of Chinard and Eder !° was adapted 
to measuring plasma concentration of to- 
luidine blue instead of Evans blue. Whole 
blood was transferred into a centrifuge tube 
containing a dried film of sodium oxalate, 
prepared by evaporating 0.1 ml. of a 2% 
solution for every milliliter of blood to be 
added. 
the tube was centrifuged for 10 minutes at. 
approximately 500 g. To 1.0 ml. of the 
resulting plasma, 3.0 ml. methanol was 
added. 
stopper, shaken vigorously for 10 seconds, 
and centrifuged for 15 minutes at 500 g. 
The clear supernatant was transferred to a 


After mixing by gentle rotation, 


The tube was closed with a rubber 


cuvette, stoppered, and the optical density 
at 625 mp read against pure methanol as 
blank. 
absorption obtained when plasma from an 


Readings were corrected for the 


unexposed rat was subjected to the same 
extraction procedure. Results were calcu- 
lated on the basis of a plasma content of 
3.3 ml. per 100 gm. rat.’ 

Protocol of Experiments.—Holtzman 
strain albino rats || of both sexes and witk 
225 gm. 


body weights between 115 and 22: 
Rats were either fed ad lib. 


were used. 
or starved but allowed water during the 
24 hours preceding the experiment. Follow- 
ing dye inhalation for three hours at a 
mean aerosol concentration of 1.2 gm. per 
cubic meter of air and mean. statistical 
diameter of 5.1p,!% rats were maintained 
without food until killed. Water was given 
to rats kept 6 or 24 hours before their kill- 
ing. In experiments with fed rats each rat 
was separately exposed. In experiments 
with fasted rats two or four rats were ex- 


\| Obtained from the Holtzman Co., Madison, 
Wis. 
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posed simultaneously, and each rat was 
then killed at a different time interval fol- 
lowing exposure. After killing, the rats 
were dissected, and the extractable dye con- 
tent of different tissues determined, as de- 
scribed above. 


Results 


ligures 2, 3, and 4 give the results of dye 
analyses in plasma and 11 separate rat tis 
sues, chosen on the basis of having a dye 
content adequate for analysis. Initially 
analyses were also made on spleen and 
thymus, but these were discontinued when 
it was found that the dye content of these 
tissues was too low to permit adequate 
quantification by the procedures used. 

ach point on Figures 2, 3, and 4 rep- 
resents the mean of separate analyses on 
three rats (or, for one point, on four rats), 
each exposed in different experiments. All 
values were corrected for blank values ob- 
tained with tissues of unexposed rats sub- 
jected to the identical extraction procedure. 
All values have been recalculated to the 
basis of 100 gm. body weight. Table 2 
supplements the data for fasted rats shown 
in Figures 2, 3, and 4 by recording the 
absolute values, the mean deviations, and 
the percentages of the total dye extracted 
from each tissue. Figure 5 summarizes the 
data for fasted rats shown in Figures 2, 
3, and 4, while Table 3 summarizes the re- 
sults shown in Table 2. It should be noted 
that in labeling these Figures and Tables 
the larynx was included under “trachea” 
and the bronchi under “lung.” Care was 
taken to retain the urine within the bladder 
on excision, thereby including this urine 
content under the label “bladder.” 

Figure 2 shows that dye clearance in the 
head (i. e., in the upper respiratory tract, 
mouth, and oropharynx) is slower than in 
the trachea and esophagus. The rapid clear- 
ance of dye from the trachea may be due 
to solution in mucous secretions and to 
ciliary action that returns deposited dye 
into the pharynx, from whence it is usually 


- swallowed or occasionally coughed up. The 


rapid clearance of the esophagus is probably 
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INHALATION STUDIES WITH TOLUIDINE BLUE AEROSOL 


TABLE 3.—Percentage of Total Dye Extracted from Tissues of Starved Rats Killed at 
Different Time Intervals Following Inhalation of Toluidine Blue Dye Aerosol 
Data Condensed from Table 2 


Hr. after Inhalation 


Trachea and lung 
Digestive tract__- 
Kidney, bladder, liver, and plasma_._...._._-___- 


TRACHEA 


Storved 
Storved 


ESOPHAGUS 


0.008} = 
Fee 


OVE EXTRACTED PER 100g 


Sterved 


26 
TIME, HOURS 


Fig. 2.—Retention of toluidine blue dye aerosol 
of 5.ly diameter in rats following inhalation for 
three hours at 1.2 gm. per cubic meter of air. 
Dye extracted from head, esophagus, trachea, and 
lung of fed or starved rats. 
due to continual swallowing of mucus or 
sputum. The validity of the graph for lung 
is impaired by the low concentration of 
dye extracted from the lung, but it shows 
a very gradual fall in dye concentration 
over the 24 hours studied. 

Figure 3 gives curves for dye extracted 
from tissues of the digestive tract. The 
maxima in dye concentration found in the 


ae LARGE INTESTINE 
STOMACH Starved 


Storved 


SMALL INTESTINE 


Fed Storved | 


wours 
Fig. 3.—Retention of toluidine blue dye aerosol 
of 5.lg diameter in rats following inhalation for 
three hours at gm. per cubic meter of air. 
Dye extracted from stomach, small intestine, large 
intestine, and rectum of fed or starved rats. 


100.0 


stomach and small intestine of fed but not 
of fasted rats at three hours after inhala- 
tion are presumably artifacts, occasioned by 
failure to expose several rats simultaneously 
in a single experiment, a procedure that 
would eliminate the effect of variability in 
concentration from the results 
(see section on Protocol of Experiments). 
Conceivably rats licking their skin and 
swallowing the saliva would produce a sim- 
ilar artifact. With both fed and starved 
rats there is a three- to six-hour time lag 
before appreciable amounts of dye pass into 
the large intestine, and an even longer time 


aerosol 


lag before dye passes on into the rectum 
in any quantity. 


Storved 


ADDER PLASMA 


Storved 


‘Storved 


Fig. 4.—Retention of toluidine blue dye aerosol 
of 5.la diameter in rats following inhalation for 
three hours at 1.2 gm. per cubic meter of air. 
Dye extracted from kidney, bladder, liver, and 
plasma of fed or starved rats. 


In evaluating the curves shown in Figure 
4, it is necessary to take into consideration 
the low concentrations of dye extracted 
from these tissues, that severely reduce the 
For both fed 
and starved animals the curves for kidney, 


accuracy of determinations. 


bladder, and liver show a maximum dye 
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content at between three and six hours after 
inhalation. These data correlate with the 
relatively high dye content found in the 
digestive tract during this time period and 
suggest that a small amount of dye is ab- 
sorbed from the digestive tract into the 
circulation. If this is the case, it must be 
gradually removed by the liver and ex- 
creted by the kidney, for the plasma con- 
centration of this water-soluble dye is low 
and decreases progressively with time. 


M 


Rectem 
Leng 


| ver, Plesme 


\ Kidoey, Bladder, 


} 
| 


OYE EXTRACTED PER RAT 


Fig. 5.—Retention of toluidine blue dye in 
starved rats killed at different time intervals fol- 
lowing inhalation of dye aerosol of 5.1u diameter 
for three hours at 1.2 gm. per cubic meter of air. 
Cumulative data for all organs analyzed for dye 
content. 

In Figure 5 the data for dye extracted 
from plasma and 11 tissues of starved rats 
are plotted on a single graph. Of special 
interest are the very low quantities of dye 
extracted from trachea and lung, compared 
with the large amounts extracted from the 
digestive tract. These data are further sum- 
marized in Table 3, which shows that 
trachea and lung did not retain more than 
1.3% of the extractable dye under these 


particular conditions of aerosol exposure. 
Criticism of Experiments—Several criti- 
cisms may be leveled at the experiments 
reported above. For the experiments with 
fed rats, in which rats were exposed singly, 
probably an insufficient number of rats was 
used to even out the variations in concen- 


tration of the inhaled aerosol. This criti- 
cism does not apply to experiments with 
starved rats. As regards the conditions of 
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aerosol exposure, aerosol concentration de- 
clined throughout the inhalation — period, 
while a slight increase in mean particle size 
took place.’* An inhalation period of three 
hours meant that the process of secondary 
removal of the deposited material was al- 
ready in progress at the zero time point 
of animal killing. The possibility that dye 
may have been retained in significant quan- 
tity in other tissues than those analyzed can 
probably be discounted, since the presence 
of the dye in any tissue was apparent on 
gross examination because of its vital stain- 
ing properties. While it is conceivable that 
the low dye content of the lung was due 
to rapid absorption of dye from the lung, 
rather than to low deposition, this possi- 
bility is contraindicated by the low rate of 
clearance of dye from the lung. The dye 
content of tissues containing small amounts 
of dye was not as accurately determined as 
that of tissues containing larger amounts of 
dye. Since dye was not completely extracted 
from any tissue, the reported values meas- 
ure only tissue content of extractable dye. 
Moreover, small amounts of dye may have 
escaped spectrophotometric detection, be- 
cause toluidine blue can be reduced to the 
colorless leuco form by rat tissue enzymes. 
Finally, the high content of dye in the 
intestinal tract may conceivably have been 
due to rats licking dye from the walls of 
the exposure chamber or from their own 
skin. This last criticism might be serious, 
except that the results of the present study 
agree with those obtained by Hamilton ™ 
who exposed anesthetized rats to aerosols 
for only three to four minutes; under these 
conditions oral ingestion of the aerosol ma- 
terial, at least during the period of ex- 
posure, is impossible. 


Comment 


The present study illustrates that under 
certain conditions of aerosol inhalation the 
vast majority of the retained aerosol ma- 
terial may become localized in the digestive 
tract immediately following primary de- 
position within the respiratory tree. This 


| 
| 
| 

\ | 
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INHALATION STUDIES WITH TOLUIDINE 


finding is of practical importance as regards 
the therapy of humans exposed to toxic 
concentration of aerosol materials. The two 
main questions are: Under what conditions 
will this concentration of aerosol material in 
the digestive tract occur, and what form of 
therapy is indicated? 

The present study, taken in conjunction 
with the work of Saito,’? Hamilton,” 
Scott and associates,!° and Cember and 
associates,® indicates that, on the whole, 
material deposited in the upper respiratory 
tract is removed rapidly into the digestive 
tract, while material in the lower respiratory 
tract is removed but slowly. Since the pri- 
mary deposition of aerosol material in the 
upper respiratory tract exceeds the primary 
deposition in the lower respiratory tract 
down to a mean aerosol diameter of about 
for toxic aerosols over in diameter 
the secondary removal of aerosol material 
into the digestive tract becomes a very sig- 
nificant facet of the over-all toxicity prob- 
lem created by inhalation of the aerosol. 
Hence, serious concentration of the aerosol 
material in the digestive tract will occur pri- 
marily under conditions of short-term ex- 
posure to toxic concentrations of an aero- 
sol above 3u in mean diameter. 

As regards therapy of humans follow- 
ing inhalation of toxic aerosols under the 
the precise type 
properties of the aerosol material are impor- 
tant. If the material is orally toxic, then 
absorption from the intestinal tract will 
occur to the same extent as if it had been 
administered by mouth, and the usual meth- 
ods employed in handling cases of oral 
poisoning are indicated. If the material is 
radioactive, therapy directed at rapid clear- 
ance of the digestive tract, such as use of 
the stomach pump and of emetics, may be of 
critical importance in reducing radiation ex- 
posure, 


above conditions, and 


Summary 


Rats were subjected to inhalation of 
toluidine blue aerosol of 5.1 mean diameter 
for a period of three hours at a concen- 
tration of 1.2 gm. per cubic meter of air. 


BLUE AEROSOL 


24 


concen- 


Animals were killed at 0, 3, 6, and 
hours following exposure, and dye 
trations determined in 10 different tissues 
of the respiratory, digestive, and urinary 
tracts, as well as in liver and plasma. The 
results obtained show that under these con- 
ditions a large percentage of the retained 
localized in the 
digestive tract immediately following depo- 
sition. These data suggest that the detoxi- 
fication of after short-term 
exposure to toxic concentrations of an aero- 


aerosol material becomes 


humans 


sol above 3 in diameter should include 
the usual therapy employed for cases of 
oral poisoning. 


Dr. Clayton S. White offered over-all direction 
and coordination of this study; Dr. Thomas L. 
Chiffelle helped with the procedure for extracting 
dye from plasma; Dr. Bernard B. Longwell ex- 
hibited interest in the work, and Dr. George H. 
Abbott supplied 
a finely ground sample of toluidine blue. The text 
figures were prepared by the Department of Medi- 
Illustration. 


Berryman, of Laboratories, 


cal 
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TREATMENT OF HYDRAZINE TOXICITY 


To the Editor: A number of investigators in recent years have studied various keto acids 
as possible treatment agents against the toxic effects of hydrazine, an industrial chemical 
of recognized toxicity in experimental animals. The results of these treatment studies 
in various animal species have been variable. Since the keto acids in question are 
normal metabolic intermediates, one may be led to interpret their efficacy against the 
action of hydrazine in terms of reinforcement of a metabolic process vulnerable to the 
action of the latter compound, particularly since the ultimate mechanism of action of 
hydrazine in the body is largely unknown and invites speculation. There is, however, 
another aspect of keto acid therapy which should not be overlooked in any speculation 
concerning the role of the keto acids as antihydrazine agents. We refer to the chemical 
affinity of hydrazine for ketone groups in general, and especially for those of the 
a-keto acids. This reaction may be expressed as 

R—C-—COOH+H:N—NH» R—C—COOH+H:0 
which results in the formation of hydrazone compounds. The possibility of the keto 
acids acting simply as chemical scavengers of administered hydrazine in experimental 
; animal studies is thus an obvious one. 


These considerations became of especial interest upon the appearance of an article 
recently (A.M.A. Arcu. INpust. HEALTH 13:24 [Jan.] 1956) concerning the reduction of 
hydrazine toxicity in mice using a-ketoglutaric acid (AKG). The authors showed that 
the lethality of hydrazine was reduced and in some cases eliminated by the oral ad- 
ministration of large doses of AKG. However, the hydrazine was also given orally, 
and hence there was adequate opportunity for interaction of these materials in the 
gastrointestinal tract. 

It seemed useful to look into this possibility in our laboratory. White mice (DF-1 
strain) were given the dose of AKG (in neutralized form) most used in the above- 
mentioned article, viz., 3.65 gm/kg., by stomach tube. After one-half hour the mice, 
along with controls receiving only saline, were killed and their stomachs carefully 
removed and the contents washed out with a small volume of N/10 sulfuric acid. 
These washings were analyzed for a-keto material by the method of Friedmann and 
associates (J. Biol. Chem. 147:415, 1943). The results are shown in Table 1, expressed as 
milliequivalents (mEq.), based on the above-written type of reaction. It will be noted 
that more than sufficient keto material was present to react with the oral dose of hy- 
drazine (125 to 200 mg/kg.), as given in the above-noted experiments one-half hour 
following the AKG. To confirm the probability that such reaction would take place 
between AKG and hydrazine, suitable mixtures were made; and after various periods 
of incubation at body temperature and in acid medium, the mixtures were analyzed 
for remaining keto material. The results are shown in Table 2, expressed in milli- 
equivalents as based on the above-written type of reaction. It is clear that AKG reacted 
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TABLE 1.—Retention of a-Ketoglutaric Acid (AKG) in Stomach 


Oral Dose of AKG in Stomach Hydrazine Equivalent 
AKG After 30 Min. to Residual AKG 
| mEq/Kg. Me/Kg 
No. of Mice } Me/Kg. mEq/Kg. | 
| 
} Mean Range | Mean 
5 | 3650 25.0 9.8 2.5-15.2 314 
5 } 0 0 0 } 0 0 
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TABLE 2.—Destruction 


Vol. of Reaction | 
Mixture, Ml. mEq. 


Incubation | 
at 37 C, Min. | 

| 

| 


1.34 0 
1.34 0.49 
1.34 | 0 
1.34 0.64 


with nearly an equivalent amount of hydrazine practically immediately under these 
simulated stomach conditions. 

The effect of pretreatment of mice with the 3.65 mg/kg. oral dose of AKG (neutral- 
ized with NaOH}, one-half hour before giving lethal doses of hydrazine by other than 
oral routes of administration, was studied in experiments designed to evaluate the effi- 
cacy of AKG as an oral prophylactic with no opportunity to react with hydrazine in 
the gastrointestinal tract. The results, as presented in Table 3, show that under these 


TABLE 3. 


Dose of AKG Dose of Hydrazine | 10-Day 
Conditions Mg/ Kg. mEq/Kg. Mg/Kg. mEq/Kg. “La | Survival 


Hydrazine, i.p. 0 
AKG given p.o. '» hr. | 3650 
before hydrazine, i.p. 
| Hydrazine, i.v. 


| AKG, p.o. ‘4 hr. before 3650 
hydrazine, i.v. 
Hydrazine, i.v. 
AKG, iv. 
| AKG. i.v. 5 min. before 
hydrazine i.v. 


| Hydrazine, i.v., 5 min. 
before AKG, i.v. 


AKG Present, | Hydrazine AKG Destroyed, Completeness 
? Added, mEq. mEq. of Reaction, % 
| 


conditions survival after lethal equivalents of hydrazine by these other routes is greatly 
reduced from the 100% survival reported in the above-mentioned article. It seems 
justifiable to conclude that this high degree of protection was due in large part to 
chemical destruction of orally administered hydrazine in the gastrointestinal tract be- 
fore it was absorbed into the circulation. 

Finally, in experiments designed to give information on the effects of administering 
both hydrazine and AKG (neutralized to blood pH with NasCO;) directly into the 
blood stream, mice were given an intravenously lethal dose of hydrazine by the intra- 
venous route, followed in five minutes by the antidotal dose of AKG. These results 
(Table 3) indicate no effectiveness of AKG under these conditions. (The intravenous 
dose of AKG used is near the maximal which can be given intravenously without it- 
self resulting in mortality.) When the order of administration of the two materials 
was reversed, again no protection against the hydrazine was seen. The results of these 
intravenous studies indicate that the reaction between AKG and hydrazine does not 
take place so readily in the blood as in the stomach, and that no protective process 
has been established. 

Summing up, it appears that the greater part of the effectiveness of AKG as an 
antihydrazine agent in mice, when both are given by stomach tube, is explainable on 
the basis of direct chemical reaction between the two compounds. A much smaller 
part of such protective action is not readily explained on this basis. 

Joun F. O'Leary, Ph.D. 

OIKEMUS 

Pharmacology Branch 
Chemical Warfare Laboratories 
Army Chemical Center, Md. 
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es of Hydrazine by a-Ketoglutaric Acid in Vitro at 37 C 
7 - | 
| | | 
| 
7 82 
Ma — fect of a-Ketoglutaric Acid on Parenteral Hydrazine Lethality 
No. of | | 
| 
10 0 125 3.9 99 0/10 
| 20 25.0 | 125 3.9 99 | 4/20 
‘ 10 0 95 2.7 99 0/10 | 
10 5.0 = | 95 2.7 99 3/10 
| 10 0 95 2.7 99 0/10 
10 3.1 0 0 10/10 
10 3.1 95 2.7 99 0/10 
10 P 466 3.1 95 2.7 99 0/10 
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Abstracts from Current Literature 


Occupational Diseases and Hazards 


Stupy ON SILICOSIS IN THE ANTIMONY MINING District oF SerBiA. BoskKo Med 

lavoro 47:87-95 (Feb.) 1956. 

This is a study on the frequency and severity of silicosis among miners of the anti- 
mony mining district of Serbia-Zajaca. For this purpose 435 miners working under- 
ground were submitted to clinical and radiological inspection; 111 cases of silicosis and 
12 cases of silicosis accompanied by an active tuberculous process have been observed. 
Measurements of the dust concentration in the atmosphere, carried out with the impinger 
and the dust counter, as well as the chemical study of the quartz contained in the dust, 
have enabled the seriousness of the hazard run by workers exposed to dust to be de- 
termined in regard to silicosis. 

Relative humidity and ventilation speed have also been determined. 

Suggestions are given for medical and technical prevention, since by reducing the 
dust in the air the occurrence of silicosis may also be decreased. 

THE SUMMARY. 
New CONTRIBUTIONS TO THE KNOWLEDGE OF CEMENT DerMatitis. M. SALINAS and E. Susiza, 

Med. Seguridad 4:13-22 (Jan.-March) 1956. 

The authors studied 37 workers who suffered from cement dermatitis. By means of 
the plaster test they verified that 89% of the workers were sensitive to chromium, 59% 
to cobalt, and 45% to nickel. Manganese, whose presence in cement has been demon- 
strated by the analysis of the cement spectrum, gave absolutely no signs of sensitive- 
ness in the plaster test. 

In all the cases studied, the authors found few monosensitizations to the said ions, 
polysensitizations being more frequent, especially positive ones to chromium, cobalt, 
and nickel or to cobalt and chromium. As a consequence of these findings it is sug- 
gested that, if the worker’s dermatitis seems to be due to cement through its clinical 
and expositive characteristics, the diagnosis can be made if the plaster test gives posi- 
tive results with cobalt, nickel, or chromium ions, even if it does not give positive results 
with cement itself. 

The raw materials employed in the manufacture of cement have turned out to be 
more important as vectors of these ions (cobalt, nickel, and chromium) than the metal 
parts, particles of which may rub off onto the cement through the wear suffered by the 
grinding bodies in the course of the manufacturing process. These calculations were 
made by means of the study of the spectrum and the data supplied by the manufacturers 
of the grinders employed in the cement factory the authors studied. ge 

The authors suggest an explanation for the specific pathogenicity of these ions which 
are found in cement in exceedingly small quantities. This explanation may be the 
alkalinity that wet cement exerts over the skin, which is a primary factor that facilitates 
the penetration and later sensitization. 

FroM rHE AuTHORS’ SUMMARY. 
Stuptes ON FLAsH Burns: ScrEENING Errecr oF Farsric At A DistANCE FROM ANIMALS. 
H. W. Bates, R. E. Roru, and H. E. Pearse, University of Rochester Atomic Energy 
Project, Dec. 20, 1955. 


\ method of testing fabrics for their screening value against flash burns by inter- 
posing a fabric between a pig and ignited magnesium flash powder is presented. All 
fabrics offered some protection from flash burns. Of the fabrics tested, 8.5 oz. 
sateen affords the best protection and cotton tubing the least. The darker OG 8.5 oz. 
sateens were intermediate. A nylon-vinyl poncho material was a hazardous screen be- 
cause of contact burns produced by its flaming. 


gray 


NucLeAR Sc. Asst. 
Concert oF Acip Sovusitiry Siiicosts. G. NAGELSCHMIDT, Staub 43:10-17, 1956. 


The silica solubility theory of silicosis was based on observations which can be in- 
terpreted without postulating dissolved silica as causing fibrosis. 
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Recent animal experiments show a lack of parallelism between test-tube silica 
solubilities and fibrogenic activities. Alternative explanations of fibrogenesis based on 
the “surface activity” effect of quartz surfaces are reviewed. 

From THE AUTHOR’S SUMMARY. 


Industrial Toxicology 


NorMat VALuEs oF LEAD CONGENTRATION IN HUMAN Btoop. V. B. Vouk, Kata Vovoper, 

O. A. Weer, and LyerKA Purec, Arhiv hig. rada 6:277-287, 1955. 

In order to evaluate normal values of lead in blood for the local population of 
Zagreb and environs, the concentrations of lead in blood have been determined in a 
random sample of 195 healthy subjects (100 men and 95 women) with no previous 
exposure to lead. The analyses were performed by a monocolor dithizone method. Two 
parallel samples of blood were analyzed for each subject. It was found that the lead 
concentrations in blood of normal persons are log-normally distributed. A value of 
607/100 ml. is proposed as the upper normal limit of lead concentration in blood. 

From THE AUTHORS’ SUMMARY. 


SPONTANEOUS DECOMPOSITION OF TRICHLOROETHYLENE. G. F. Yost, Contract W-31-109-eng-52, 

Hanford Atomic Products Operation, Richland, Wash., Nov. 15, 1955. 

The potential hazards of using CCl:CHC1 for degreasing Al were investigated. 
Descriptive details of the chemical reactions and theory involved are presented, followed 
by recommendations for the prevention of spontaneous decomposition of CCleCHC1 
under normal operating conditions. 

NucLEAR Sc. Asst. 


HisTovocicAL ALTERATIONS IN EXPERIMENTAL CADMIUM PoIsONING WITHOUT AND AFTER 

TREATMENT WITH CA Nas EDTA. C. P. Opescatcnr and U. Scuprer, Med. lavoro 

47 :103-111 (Feb.) 1956. 

Histopathological researches were carried out on animals (rabbits) poisoned with 
cadmium at assuredly fatal doses and on animals protected with Ca Naz EDTA after 
intoxication. Notably severe alterations, rapidly extending to various organs, were 
found in the animals not treated with Ca Naz EDTA. The morphological demonstration 
of the protective action of the chelating agent was evident in the animals treated with 
Ca Naz EDTA, inasmuch as the lesions were found to establish slowly in the period 
of time and to be limited in their severity and in their extension by the drug. 

FroM THE AuTHoRS’ SUMMARY. 


BRONCHIAL AsTHMA Due To Pyripine Bases. G. and E. SArtoretit, Med. lavoro 
47 :112-116 (Feb.) 1956. 


A woman who had an eczema in childhood, but no other allergic pathology since 
then, worked for one year with no complaints on coming in contact with substances 
used for the synthesis of sulfonamides, including pyridine bases. After one year of this 
work an accident occurred to her with an acute but slight inhalation of chlorine vapors; 
there were typical upper respiratory complaints that disappeared completely within a 
few days. When the patient resumed working, she began to show asthmatic symptoms 
and rapidly reached the complete stage of typical bronchial asthma. For some time her 
complaints appeared only during work, but later the asthmatic symptoms became 
chronic in spite of her having stopped work and of repeated treatments. Patch tests 
and inhalation tests with pyridine bases gave clearly positive results, showing an intense 
allergic sensitiveness to these substances. The inhalation tests were negative for hydro- 
chloric acid vapors and weakly positive for 2-aminothiazole and p-acetylaminobenzenesulfony| 
chloride, 

It is concluded that the bronchial asthma was directly caused by contact with pyri- 
dine bases and that the accident with chlorine vapor inhalation had only acted as a 
revealing factor. 

From THE AuTHORS’ SUMMARY. 


OccuPATIONAL Diseases Due to HypROCARBONS OBSERVED IN WORKERS OF AN OIL REFINERY. 
F. Benrnt, Med. lavoro 47 :153-160 (March) 1956. 


The morbid manifestations most frequently observed by the author, an industrial physician 
at an oil refinery, are described. Diseases of the skin due to the irritant action of hydro- 
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carbons and the many chemical substances involved in their processing are numerous and 
varied. The disturbances of the digestive system are only in part to be ascribed to occupa- 
tional exposure; no characteristic disturbances of the respiratory tract were noted, and 
disturbances of the nervous system are scarce. Suggestions are given for prevention, with 
particular reference to protection of the skin and to the possible accidents caused by asphyxia. 
FRoM THE AUTHOR’S SUMMARY. 


TRICHLOROETHYLENE. R. GrisLer and R. GALLINA, Med. lavoro 47 :240-262 (April) 1956. 


Trichloroethylene is a liquid, insoluble in water and soluble in alcohol and ether. Its 
vapors are heavier than air; they are not inflammable at normal temperature and pressure, 
and they do not form any explosive mixture with air. By means of light, ultraviolet rays, 
and heat, the substance can be broken down to phosgene, hydrochloric acid, and carbon 
monoxide; this reaction occurs more rapidly in the presence of aluminum and magnesium 
dusts and alkali. 

Trichloroethylene is prepared industrially from tetrachloroethane; substances that raise 
its decomposition point are subsequently added to it. It can be demonstrated with several 
reactions (the best known is Fujiwara’s reaction). 

Trichloroethylene is widely used in industry as an excellent solvent for oils, fats, paraffins, 
resins, bitumens, essences, sulfur, phosphorus, and acetylcellulose. The solvent is mostly used 
for dry-cleaning materials, for defattening metals, and for the synthesis of monochloroacetic 
acid. In therapy it is only used as an anesthetic agent. 

The intoxication is mostly due to inhalation or ingestion, less frequently to percutaneous 
absorption. Trichloroethylene is metabolized in the body to chloral hydrate and then to 
trichloroacetic acid and trichloroethanol that are eliminated through the urinary system. 

Trichloroethylene and trichloroacetic acid are determined in the air as well as in tissues 
and body fluids with various methods, mostly based on Fujiwara’s reaction or on the thermic 
dissociation with production of free inorganic chlorine. 

Clinically the intoxication from trichloroethylene is classified as hyperacute and acute; 
it is characterized by a more or less sudden loss of consciousness, sometimes preceded by 
a state of euphoria. Recently a chronic form has been recognized, of which the more fre- 
quent symptoms are gastrointestinal disorders, drowsiness, asthenia, headaches, and precordial 
pains. The pleasant feeling that trichloroethylene can give by prolonged inhalation has de- 
termined several cases of toxicomania. 

The most important effect that trichloroethylene can produce on the organism is the ex- 
citement and subsequent depression of the central nervous system, while the peripheral nervous 
system is very seldom involved. For the skin and the mucous membranes trichloroethylene 
has an irritant and sometimes caustic effect that appears even when the vapors are produced 
at room temperature. Trichloroethylene also produces liver and kidney damage; very seldom 
are changes observed in other organs. 

The occupational intoxication can be prevented with a number of safety measures (ventila- 
tion, individual protection) and sanitary care (selection, controls, determination of trichloro- 
acetic acid in the urine). The therapy of acute cases consists of artificial respiration and ad- 
ministration of oxygen and analeptics. In chronic cases the therapy is merely symptomatic; 
in cases of toxicomania the patient must be removed from trichloroethylene. 

THE AuTHoRS’ SUMMARY. 


INFLUENCE OF EXERCISE ON LEAD Deposir IN EXPERIMENTAL INTOXICATION. R. R. CANDELA, 
J. L. R. Canpeta, and P. Sanz, Med. Seguridad 4:23-24 (Jan.-March) 1956. 


Rats of both sexes, weighing from 200 to 250 gm., were intoxicated with one single dose 
of 0.5 mg. of lead nitrate per kilogram of weight. During the following 10 days they were 
submitted to physical exercise (running) two hours a day. After this, on measuring the lead 
deposit in the muscles and bones of the legs, it was found that it was much greater in the rats 
that had been performing exercise than in those of the control group. 

FroM THE AuTHoRS’ SUMMARY. 
CoNTROL AND MEASURING SYSTEMS ON AN APPARATUS FOR THE StuDY OF RESPIRATORY TRACT 


Retention. Donatp A. MorkKen and Paut E. Morrow, Contract W-7401-eng-49, 
Rochester University of Atomic Energy Project, Nov. 22, 1955. 


A technical description of the various electronic components of a new apparatus for the 
study of respiratory deposition and retention is given with appropriate wiring diagrams. The 
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performance characteristics of the apparatus are reported in the form of various tests and 
calibration procedures which have been applied. The equipment has been employed in aerosol 
studies in man to a limited extent. The operation of the apparatus indicates that it will per- 
mit the study of pulmonary deposition in relation to both the characteristics of the aerosol 
and the physiology of respiration. 

NUCLEAR Sc. ABst. 


BERYLLIUM SENSITIZATION IN Pics. R. D. ArMsrronc, L. J. LeEacH, W. L. Downs, E. A. 

Maynarp, H. C. Hopce, and R. C. Kese., Contract W-7401-eng-49, Rochester University 

of Atomic Energy Project, Dec. 5, 1955. 

Swine receiving beryllium oxide by inhalation, intraperitoneal injection, or transbronchial 
insufflation developed a sensitivity to Be as determined by a skin test administered three to 
five months after treatment. 

NucLEAR Sc. Asst. 


Determination of Air-Borne Contaminants 


New MetHop oF Measurinc Very SMALL QUANTITIES OF CARBON MONOXIDE IN AiR, BLoop, 

AND Lunes. V. TomBerG, Experientia 10:388-389 (Sept. 15) 1954. 

The gas containing carbon monoxide is reacted on mercuric oxide at about 200 C. Mercury 
vapors obtained by reduction of the oxide are directly proportional to carbon monoxide con- 
centration and are measured spectrophotometrically. The instrument can be either direct 
reading or recording and is claimed to determine concentrations of 1 part CO in 10*. Carbon 
monoxide in blood is determined by decomposing a sample in a volumetric flask with sulfuric 
acid and analyzing the gases given off. 

Inpust. Hyc. Dicest. 


DETERMINING TRACES OF OCTAMETHYLPYROPHOSPHORAMIDE (SCHRADAN) IN Crops. D. F 
HeatH, JoAN Creucu, I. K. H. Otter, and P. O. Park, J. Agr. & Food Chem. 4:230- 
233 (March) 1956. 
Both maceration of schradan-treated crops with water, followed by chloroform extraction 

of the clarified aqueous macerate, and reflux extraction with boiling chloroform are satis- 

factory methods of recovering the insecticide for residue assay. In a method for determination 
of residues in a number of crops, the insecticide is separated from natural products by 
microdistillation. Recoveries and blanks are satisfactory. 

FroM THE AuTHoRS’ SUMMARY [INpbUsT. Hyco. Dicest.] 


New MEASUREMENTS WITH PHAsE-ContrAst MetHop. K. G. Scumipt, Staub 43:47-49, 
1956. 

In the evaluation of colors with the phase-contrast microscope, the quotient of the disper- 
sion of fluid and the mineral grain are of importance. Measurements of the dispersion quotient 
with more exact working apparatuses are shown. The color relations between the refraction 
indices difference and the dispersion quotient are discussed anew. 

FRoM THE AUTHOR’s SUMMARY 


Ventilating, Air Conditioning, and Engineering Control 


SAFE HANDLING OF RADIOACTIVE-PyRoPHORIC MATERIALS. L. R. KELMAN, W. D. WILKINSON, 
A. B. SHuck, and R. C. Gorrtz, Argonne National Laboratory, Dec., 1955, available 
from Office of Technical Services, U. S. Department of Commerce, price 70 cents. 


Most metallurgical operations can be applied to the intensely radioactive metals, provided 
that the metallurgist is cognizant of the properties of these metals and the health hazards 
associated with them. This paper is concerned with means of safely handling large amounts 
of high-intensity alpha emitters which may also be pyrophoric and/or gamma active. The 
health hazards involved and the methods of protecting personnel against them are reviewed. 
Philosophies and principles of safe glovebox operation are discussed, and the design and 
construction of two Argonne National Laboratory facilities capable of handling high levels 
of alpha activity are described. A Plutonium Metallurgy Research Laboratory, using a helium 
atmosphere in leak-tight gloveboxes, has been in operation for more than one and one-half 
years without incident. A large, versatile Fuel Fabrication Facility, using a newly developed, 
extruded aluminum frame glovebox of flexible modular design, is now under construction. 
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Also described are existing facilities for handling large quantities of intense gamma emitters, 
and methods are proposed for handling such materials when they are highly alpha active. 
From THE AUTHORS’ SUMMARY. 


Tests or Four Exuaust Hoops Provine Design Data. Arnet B. Eppre, Heat. Pip. & Air 

Condit., Feb., 1956. 

Characteristics of plain-canopy, double-canopy, flange-slot, and push-pull hoods are eval- 
uated. Efficiency of control has been determined visually using a tracer smoke. Minimum 
conditions for control are outlined. Existing design criteria have been substantiated. 

Burcess, Lynn. 


HicH TeMperRATURE Dust Friitration. M. W. First, J. B. GRAHAM, G. M. Butter, C. B. 
WatwortH, and R. P. Warren, Indust. Eng. Chem. 48 :696-702 (April) 1956. 
Development of a ceramic fiber capable of withstanding temperatures up to 2000 F for 

prolonged periods presented an opportunity for investigating factors involved in the filtration 

of small particulate materials from gases at temperatures up to 1500 F. Three fibers having 
mean diameters of 4p, 8u, and 20u were tested. 

Dust-removal efficiency was generally predictable on the basis of theoretical and empirical 
studies of glass and other fibers of similar shape and size. It was possible to design a graded- 
fiber filter having long service life and giving 99% efficiency at 1400 F with a specific aerosol 
of interest to a contractor of the AEC. 

Filter-performance data pertaining to each fiber plus the composite filter may be used 
to solve other filtration problems involving temperatures above 1000 F. 

From THE AUTHORS’ SUMMARY. 


PRECAUTIONARY MEASURES AGAINST METHANE GAS IN MrNeEs. R. T. YASBEK, Mine Vent. 
Soc. South Africa Month. Bull., Dec., 1955. 


These notes present certain modifications to instructions which appeared previously in 
the Mine Ventilation Society’s Bulletin of September, 1952. The notes include information 
on properties of methane gas, occurrence, detection, and control in underground mines. De- 
tails are given on the use of Wolf safety lamps. No reference is made to the use of hot 
wire combustible gas indicators. 


Radioactive Substances and X-Ray 


Stupies ON RaApIATION CATARACT. FuMIo KANporr, Amer. J. Ophth. 41 :627-632 (April) 1956. 

Lens changes resulting from irradiation have a critical dose level, with use of the same 
factors for animals or humans in the same age grcups. 

The minimal dose of cataractogenic level may be determined by histologic findings only, 
160 days following exposure, and not on the basis of clinical symptoms. 

The factors employed are 80 kv. exposure, added filtration of 2.0 mm. Al, 12 em. target 
skin distance, in doses ranging from 600 r to 2000 r in single exposure, 150 r to 350 r twice 
a week, total 10 times, or 300 r to 500 r once a week, total 5 times, in fractionated exposure, 
and 15 r to 100 r daily for 80 to 185 times in continuous fractionated exposure. 

The results are that minimal cataractogenic doses are 900 r in single exposure, over 150 
rX10 (1500 r) twice a week and under 300 rX5 (1500 r) once a week in fractionated 
exposure, and under 50 r daily in continuous fractionated exposure. Minimal cataractogenic 
doses are always lower than epilation doses. The lens has almost the same recovery power 
from x-ray radiation as other tissues. 


FRoM THE AUTHOR'S SUMMARY. 


UTILIZATION OF BARRIER CREAMS IN ATOMIC ENERGY PLANTs. G. S. TowLer, Atomics 7 :88- 

90 (March) 1956. 

The hands of workers in atomic energy plants and laboratories should be protected from 
radioactive materials which are difficult to remove by washing and may therefore be ingested 
later. Rubber and neoprene gloves are unsuitable, because they are permeable to some radia- 
tions. If double gloves are used, facility in handling materials is lost. A trial of various 
types of barrier creams resulted in the use of a first application of a kaolin hard-soap type, 
followed by a water-repellent cream. Two years of experience have demonstrated the value 
of this type of protection. Some thought has been given to devising a single barrier, and one 
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has given promise. It is prepared from mineral jelly suitably thinned with liquid paraffin 
and loaded with an absorbent. Early indications are that its solvent- and water-resistant 
properties are good, and more extensive trials are being made. 

Inpust. Dicesr. 
RADIATION Exposure OF STAFF IN D1AGNostic Procepures: I. BLoop Counts—RESEARCH 

or Routine? J. F. Loutir, Brit. J. Radiol. 28:647-650 (Dec.) 1955. 

The biological system of monitoring through blood counts radiation damage on workers 
occupationally exposed to ionizing radiation is reviewed. Results obtained with physical 
methods of measuring the dose are compared with results with biological methods. The auther 
concludes that the leukocytic pattern is not a reliable indicator of biological damage. 

Nuc ear Sc. Ans! 
RADIATION Exposure OF STAFF IN D1tAGNostic Procepures: II. RADIATION Doses RECEIVED 

By DraGNostic X-Ray Workers. S. B. Osporn, Brit. J. Radiol. 28 :650-654 (Dec.) 1955. 

A review of measurements of the radiation doses received by diagnostic x-ray workers 
leads to the conclusion that such workers receive radiation doses well below the maximum 
permissible levels but the doses often approach these levels and occasionally exceed them. 

NucLeAR Sc. Asst. 
RADIATION Exposure OF STAFF IN D1AGNostic Procepures: III]. Some Aspects OF RADIATION 

Hycriene. W. Brinks, Brit. J. Radiol. 28 :654-661 (Dec.) 1955. 

Radiation hygiene is defined as the art and science of protecting human beings from injury 
by radiation. Topics discussed include maximum permissible doses for x-ray diagnostic work- 
ers, radiation protection practices in x-ray diagnostic departments, theoretical estimates of 
scattered radiation, measures to reduce the radiation received by x-ray workers, and measures 
for the protection of patients and workers. 

Nucvear Sc. Asst. 


INHALATION OF RADIOACTIVE MATERIALS AS RELATED TO HAND CONTAMINATION. J. C. BAILEY 

and R. C. Rour, Contract W-7405-eng-26, Carbide and Carbon Chemicals Company K- 

25 Plant, Oak Ridge, Tenn., Sept. 15, 1953; changed from “Official Use Only” Sept. 6, 

1955. 

Tests performed to determine the hazard associated with the inhalation of radioactive 
materials as the result of smoking with contaminated hands indicate that for dry uranium 
compounds adhering to the palmar surfaces of the hands approximately 1.0% of the material 
may be transferred to a cigarette and that of this approximately 0.2% may appear in the 
smoke which is inhaled. Most of the contamination originally placed in a cigarette was found 
in the ash, and only 11% of the material was not recovered following burning; approximately 
half of this loss may be attributed to normal losses inherent in the analytical process, the 
recovery efficiency for which was found by supplementary experiments to be 95%. 

NucLear Sc. Asst. 


RADIOLOGICAL EDUCATION AND TRAINING PROGRAM—INDUSTRIAL HyGIENE. General Electric 
Company, Aircraft Nuclear Propulsion Department, Cincinnati, 1955. 


Methods and materials employed in the radiological education and training program of 
the General Electric Company are described. 


Nuciear Sc. Asst. 


TREATMENT OF ACUTE PLUTONIUM PorsonrInGc. W. D. Norwoop, P. A. Fuqua, and B. C. 
Scupper, Indust. Med. 25:135-139 (March) 1956. 

The authors present recommendations for the treatment of acute plutonium poisoning, 
based on evidence accumulated from experimental animal work performed at an atomic energy 
installation, together with clinical experience in treating three patients having small but measur- 
able amounts of plutonium deposits. Zirconium citrate, which had previously been shown to be 
effective in greatly increasing excretion and concomitantly decreasing bone deposition of plu- 
tonium in rats, was given intravenously to two persons who had accidently received, one by 
inhalation and ingestion and the other through a break in the skin, less than the permissible 
amount of plutonium. One person received four 600 mg. doses over a 118-hour period, 
beginning 5 hours after exposure; the rate of excretion of plutonium was increased by a factor 
of approximately three. The second person received two 600 mg. doses, beginning 153 hours 
after exposure, and showed no increase in urinary excretion rate of plutonium. No untoward 
signs or symptoms occurred in either case. 
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Ca EDTA (calcium ethylenediamine-tetraacetic acid) has also been shown to be effective in 
treating plutonium poisoning in animals. EDTA forms stable water-soluble chelates with 
heavy metals, which then are excreted by the kidney. Ca EDTA is known to be relatively 
nontoxic. It also is most effective when administered as soon as possible after exposure, but 
unlike zirconium citrate it has been shown to produce significant rises in plutonium excretion 
as long as seven years after exposure to plutonium. Since the combination of the two agents 
appears to result in a combination of the best effects of each, the authors recommend early 
use of both zirconium citrate (along with calcium gluconate to prevent citrate induced hypo- 
calcemia) and Ca EDTA. If zirconium cannot be given within a few hours, it will be rela- 
tively ineffective, and the effectiveness of EDTA also rapidly decreases with time. 

Jere Meap, Boston. 


MepicaL Care oF WouNnps CONTAMINATED WITH RAptoactivE MArertAts. A. J. FINKEL and 
F. A. Hatwaway, J. A. M. A. 161:121-126 (May 12) 1956. 


The treatment of wounds contaminated with radioactive materials encompasses principles 
and techniques which are still in the phase of development. The authors emphasize the 
importance of adequate monitoring equipment to measure the distribution and degree of con- 
tamination. The usual technique of scrubbing the surgical field will not necessarily assure maxi- 
mum removal of radioactive contaminants. Vigorous scrubbing of the skin with a nylon 
bristle brush for 10 to 30 minutes with sodium aryl alkyl sulfonate detergents, rather thar 
soaps, and frequent washing with water are recommended. Shaving should be deferred until 
after removal of contaminating isotopes. Thorough irrigation of the wound with isotonic 
saline, or its equivalent, should be carried out. As uncontaminated tissue is encountered 
during the debridement, contaminated surgical instruments should be discarded. The decision 
to remove visible but contaminated tissue must be based on knowledge as to the possible delayed 
effects of the particular contaminating isotope. Of immediate and frequently of even greater 
importance than surgical treatment is the prompt institution of therapy to assist in the removal 
from the body of radioactive substances which have entered the circulation from the con- 
taminated site. The authors summarize present medical techniques for increasing excretion 
of radioelements. They also stress the importance of careful planning of the treatment facilities 
so as to minimize the spread of contamination. The physical design of decontamination- 
treatment rooms in several American and Canadian atomic energy installations is described. 

Jere Meap, Boston. 


LonG-TERM OBSERVATIONS OF RADIATION CHANGES IN SALIVARY GLANDS AND THE GENERAL 
Errects oF 1,000 rk to 1,750 rk of X-Ray Raptation LocaLty ADMINISTERED TO THE 
Heaps oF Docs. JAmMes A. EnciisH, Merritt G. Wueatcrortr, H. W. Lyon, and 
CLARENCE MILLER, Naval Medical Research Institute, Bethesda, Md., Sept. 21, 1955. 
Considerable morphologic alteration was observed in the salivary glands of dogs which had 

received 1,750 r of 200 kvp. x-ray radiation locally to the head. From a total of six dogs 

which were irradiated, five were killed during a 5 to 16 months’ period following exposure 
and provided the experimental material for histologic study. Normal glands were obtained from 
seven unirradiated dogs for comparison. Several special fixatives and stains were used in order 
to adequately observe the nuclei, mitochondria, connective tissue, and various cellular products 
of the salivary glands. The parotid, submaxillary, and sublingual glands of three dogs which 
received 1750 r, and were killed 25, 29, and 34 weeks later, were atrophied, fibrosed, and altered 
in morphologic detail. Except for knowledge of the anatomic areas from which the tissues 
were taken, or by special staining reactions, it would have. been impossible to identify many 
tissue sections. The severe changes consisted in various grades of obliteration of acini, leaving 
whorls of nuclei in streaked concentric patterns, fragmented cells, groups of cells without 
pattern, partly damaged acini in which one or two cells were identifiable and the rest were 
vacuolated or in signet-ring configuration. A dog receiving the same amount of treatment. 
which was killed 58 weeks afterward, had much less apparent total damage, but in many areas 
some of the changes described above could be found. A dog receiving 1000 r and killed 68 
weeks afterward had relatively normal-appearing salivary glands. The general changes observed 
were stomatitis, surface sloughing and oral hemorrhage in mild to moderate degree, erythema 
of exposed areas, particularly over the ears and around the eyes, and epilation. Hair grew 
back in after 6 to 12 weeks and was light gray in color. Dogs appeared to be moderately 
distressed after treatment, and one animal developed an ulcerating lesion of the neck. 
Nucvear Sc. Asst. 
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RELATIONSHIP BeTWEEN THE AIR CONCENTRATION OF RADIOACTIVE Fission Propucts AND 


FaLLoutT: INTERIM Report. I. H. Biirrorp Jr., L. B. LockHArt and R. A. Baus, 
Project NR-612-130, Naval Research Laboratory, Washington, D. C., Aug. 20, 1955. 


Comparative data on the daily concentration of fission products in the air and the actual 
fall-out on the ground have been collected. For short times after a test fall-out was very 
much dependent on rainfall. In many cases the air concentration was affected relatively little. 
On the average, the apparent rate of fall-out was about 4X10‘ ft/day. Screens made of cloth 
or metal mounted on a vane and exposed to the wind were efficient collectors of fission products 
dispersed in the atmosphere. In some cases 10 to 100 times as much activity was deposited on 
a vertical screen as on an equal horizontal area. No definite correlation between gummed-paper, 
screen, and filter collections has been noted. Direct interception by the small fibers of vegeta- 
tion, as distinguished from simple fall-out, may account for a large fraction of the total fission 
product activity adsorbed on such ground cover. Additional measurements were made on the 
distribution of activity with particle size by the use of filter media of different retention 
characteristics. 

NUCLEAR Sc. Asst. 
Prorection Measures IN A University. Titus C. Evans, Radiology 65 :875-883 (Dec.) 1955. 

Radiation safeguards in a university would appear to be maintained most successfully by 
rigorous training and self-discipline, by a willingness on the part of users to be extremely 
cautious in preventing those conditions which might give rise to either adverse publicity or 
mental unrest, even though permissible exposure levels are not exceeded. Supervision may be 
carried out by routine visits by a radiation protection officer to each user’s laboratory, by 
providing a central hot lab where potentially hazardous materials are handled in collaboration 
with members of that laboratory, or by a combination of the two methods. 

NUCLEAR Sc, ABst. 


Copatt 60 Proreciion Design. C. B. Bragstrup and R. T. Mooney, Radiology 65 :884-889 
(Dec.) 1955. 


A survey was made on four telecobalt installations, and the structural shielding and other 
factors affecting protection are discussed. 


NUCLEAR Sc. Asst. 
RADIATION Hazarp EvALUATION AND CONTROL IN HospitAts. G. FERLAzzo, T. NICHOLSON, 
A. Jacosson, and M. BusHMAN, Radiology 65:892-902 (Dec.) 1955. 


The medical use of man-produced radioactive isotopes and high-energy particle accelerators 
does not appear to present any essentially new problem to the radiological physicist, especially 
if he is already familiar with the handling of radium and radon and conventional x-ray 
therapy apparatus. 


Nuc LEAR Sc. Asst. 
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The Accident Syndrome. By Morris S. Schulzinger. Price, $6.50. Pp. 234, with 73 il- 
lustrations. Charles C Thomas, Publisher, 301 E, Lawrence Ave., Springfield, Ill. 
1956. 

Schulzinger writes from the vantage point of a busy surgeon who has decided to look over 
his records of 35,000 consecutive accidental injuries, his motive being to make available the 
“unique mechanical data from which might be extracted large or small samples for statistical 
examination.” 


It is all very well, and indeed represents an extraordinary feat, for one man to have cared 
for 35,000 accidents in 20 years, but it does not leave much time for studying principles of 
epidemiology, statistics, design of a planned experiment or training him for a public health 
interpretation; this deficiency tells rather heavily against Dr. Schulzinger’s analysis of his 
life work, though this is no criticism of the work as such of the skillful surgeon who has 
sewed many a timely stitch and set many a compound fracture. It is highly doubtful, however, 
at least to this reviewer, that accidents in general will be prevented as the result of this 
compilation—so different are approaches of medicine and preventive medicine. 

Among the epidemiological-statistical fallacies is the assumption that the author’s experi- 
ence represents “large or small samples” of any specific universe, the accident problems of 
any particular industry, job occupations, or a particular kind of people. In short, he fails to 
relate the injured persons seen and served to the context of the industrial and social life 
from which they come. Statistically his numerators are defined; nothing is learned about 
the denominators—the populations from which he draws. The story thus becomes an analysis 
of Dr. Schulzinger’s practice, not of the accident problem of industry, of households, of 
children, or of drivers. As such the book is nicely done; the style is good, the printing 
readable, and the texture of the paper, presentation, and binding are decidedly pleasing. The 
cold, hard task of a reviewer, however, is to study this volume from the point of view of 
content only, as if it were a paperback. Success is to be judged on value in preventing 
industrial or other accidents in the United States as a result of this painstaking analysis. 

Such generalities are made as: “Accidents are essentially an affliction of youth” or “Males 
have a significantly higher incidence’; they are unsubstantiated, however. What the author 
means is that young people and twice as many men as women were seen in his practice. The 


numbers at risk are not known. Other sample pronouncements are: “Irresponsible and malad- 
justed individuals have a significantly higher incidence” and “An accident is least likely 
to occur in a healthy, well-adjusted young girl born and reared in a normal, secure, and 
loving home.” The fact that a 13-year-old girl in a secure and loving home has no risk in 
common with a 27-year-old hard-living, hard-drinking sand hog or truck driver is naively 
overlooked, 


The terms “incidence” and “prevalence” as dynamic measures of mass disease have no more 
meaning than the numerators without denominators or the final pronouncement in the last 
paragraph that “the foremost role in accident prevention should be relegated to the physician 
and to the time-honored doctor-patient relation.” Just how the time-honored doctor-patient 
relation is going to keep two Yale freshmen from killing themselves and their two young 
women companions in a head-on collision in an automobile in the early dawn of a rainy 
morning, he fails to indicate. Perhaps the advice of an engineer or the time-honored police- 
man-driver relation is needed quite as urgently. 

To be critical of this volume is not to state that Dr. Schulzinger’s experience is without 
value; there is little doubt that he has a message. His volume will provide ideas for in- 
vestigators of the future; controversial definitions and concepts—e. g., accident syndrome 
and accident proneness—are discussed, and the bibliography provides many basic references. 
However, inability to relate this survey of one physician’s experience to the universes from 
which his patients are drawn prompts this reviewer to fall back on a quotation from Coleridge 
rather than a citation from Accident Facts: “. . . the light which experience gives is a lantern 
on the stern, which shines only on the waves behind us!” 


THEODORE H. INGALLs. 
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Manual of Industrial Medicine. Third edition, revised. By Lemuel C. McGee, Ph.D., 
M.D. Price, $3.00. Pp. 212. University of Pennsylvania Press, 3436 Walnut St., 
Philadelphia 4, Pa., 1956. 

The fact that this is the third edition confirms this reviewer's opinion that there is a real 
need for a book such as this. The author states in his introduction that the book is directed 
to undergraduate medical students, so that they may understand more fully the kinds of 
problems encountered by the physician in industry and the physician who practices in an in- 
dustrialized society. It is particularly appropriate that a man of Dr. McGee's clinical stature 
should introduce the field to this critical group. 

The book is well written. The informed reader will readily recognize that the author has 
given considerable thought to the selection of material for inclusion in this necessarily brief 
introduction. No exception is taken to the philosophy expressed and the information pro- 
vided. The bibliography should be particularly useful to the student whose interest in the 
field has been stimulated by the book. 

This reviewer suggests that consideration be given to a simplification of the section on 
industrial hygiene and toxicology in any future edition. Careful choice of a very few classic 
examples might preclude early obsolescence of the book and stimulate a greater awareness 
and appreciation for material already available to the medical student in his textbooks of 
medicine, surgery, dermatology, physiology, psychiatry, pharmacology, and _ biochemistry. 
More time might then be spent on the several broad categories of industrial hygiene control 
measures, which are not likely to be discussed with the student elsewhere in the under- 
graduate curriculum. 


Leo Wane, M.D., New York 
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LOS ANGELES O-H DIVISION 


CONDUCTS RADIOACTIVE TRACER 
SEWAGE PLANT STUDY 


The Division of Occupational Health of the 
Los Angeles City Health Department reports 
in this article on experience with a large-scale 
radioactive tracer study involving 20 curies of 
Sc*. The problems of planning such a study 
and a critique of the actual operation are pre- 
sented. 


A large portion of the activities of the 
Los Angeles City Health Department Di- 
vision of Occupational Health were devoted 
last May to a radioactive tracer study con- 
ducted at the city’s Hyperion Sewage Treat- 
ment Plant. The actual tests were carried 
out the week of May 21. 

The $41,000,000 activated sludge plant is 
situated on a 76-acre site at 1200 Vista 
Del Mar on the Pacific Ocean some distance 
north of Manhattan Beach and a number 
of other recreation sites. 
mated total tributary 
3,000,000. 

After solids are removed from the sew- 
age, the clear effluent flows to a submarine 
outfall, a reinforced concrete sewer, with 
an inside diameter of 12 ft., extending a 
mile out to sea. 


It serves an esti- 
population of 


The radioactive tracer study was under- 
taken to determine the rate of ocean dilu- 
tion on sewage effluent and the relation of 
this dilution to bacterial “die-off rate.” It 
is part of a general plan to study the con- 
dition of the waters along bathing beaches 
in the Los Angeles area. 


On May 22, at 2:30 a. m. (PST), 
chlorination of the effluent was discontin- 
ued, and a radar target was released at the 
outfall of the plant so that the path of 
the unchlorinated effluent could be followed. 
By tracking the flow it was possible to 
locate areas of contamination in connection 
with the bacterial study of swimming areas. 

At 5 a. m. bulkheads were placed in the 
bypass channel, and primary effluent was 
released through the outfall. Two hours 
later radioactive Sc** was introduced into 
the outfall line. At 7:30 a. m., by means 
of ship-to-shore radio, it was reported that 
the first trace of radioactive scandium had 
reached the end of the outfall a mile off 
shore. By approximately 8:10 a. m. all 
radioactive material had been discharged 
through the outfall line, and decontamina- 
tion was started at the injection point. The 
bulkhead to the secondary treatment sec- 
tion was removed at 10 a. m., following 
radioassay of sewage samples, all of which 
negative. Chlorination was begun 
again, and bacterial counts were taken 
throughout the week. 

The safety of the personnel involved in 
the radioactive tracer study was largely the 
responsibility of a joint radiation monitor- 
ing team made up of Jack C. Rogers, Direc- 
tor, Division of Occupational Health, Los 
Angeles City Health Department; William 
Cardillo of the Los Angeles County Health 
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Department, and Paul E. Caplan of the 
California Department of Public Health. 
The purpose of the team was to observe 
the introduction of Sc** into the primary 
effluent as well as the decontamination op- 
erations with the objective of minimizing 
any occupational hazards. 

The radioactive material consisted of a 

tal of 20 curies of Sc*®, which has a 
half-life of 85 days, and gamma emissions 
in mev of 0.89 and 1.12. The material as 
a solution of ScCls in HCl was in five 
bottles. The bottles 
1300 Ib. lead pig. 

The radioactive material was to be intro- 
duced into a 50 gal. drum, thoroughly mixed 
by means of a wooden paddle, and then 
permitted to flow through a half-inch metal 
pipe to a calibrated rotameter, then through 
a plastic hose into the primary plant effluent 
and to the outfall. 


were encased in a 


The 50 gal. drum was situated on a 
wooden platform (Fig. 1), which was sur- 


Fig. 1—This shows the injection barrel, the pipe 
leading to the rotameter, left center, and the plastic 
tube leading to the sewage effluent tank. Note that 
the 50 gal. drum is unprotected at the front. The 
timber crib around it is filled with sand. 


rounded by timbers and 30 in. of sand on 
three sides and on the bottom. 

The actual work was done by two firms 
associated to review sewage disposal prob- 
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lems for Los Angeles and to recommend 
plans for expansion of the treatment plant. 

Film badges were provided for personnel, 
as well as one radiation survey meter with 
a range from 0 to 2500 mr/hr. No pocket 
dosimeters were provided. The joint radia- 
tion monitoring team provided three survey 
meters, with ranges from 0.01 mr/hr. to 
kilor, pocket dosimeters 
(lent to the operating personnel), and film 
badges. A 60 ft. area around the injection 
point was roped off and was marked with 
appropriate radiation warning signs. At 
60 ft. it was estimated that the intensity 
of 20 curies of Sc** would be 40 mr/hr. 
The entire injection area was isolated for 
the duration of the study. 


self-reading 


Trial Run 

There was a trial run on May 21. Radia- 
tion intensity at the surface of the lead 
pig did not exceed 50 mr/hr. When the 
pig was opened, it was noted that the bottles 
of radioactive solution had plastic screw 
caps. loosened with 18 in. 
tongs but were not removed. At this point 
there were no excessive exposures, although 


These were 


it became apparent that removing the caps, 
lifting the bottles from the pig, carrying 
each one in a clamp up a short ladder, 
and emptying it into the drum would pre- 
sent some dangers. It was suggested that 
a ramp be substituted for the ladder, but 
this suggestion was not followed. 

The trial run consisted chiefly in regulat- 
ing the rotameter flow at 10 gal. per hour. 
No bottles similar to those in the pig were 
opened or emptied. The operators did not 
climb the ladder. It that 
these operations would be performed with- 
out complications. 

On Tuesday, at 6 a. m., water, versenate, 
and caustic were put into the drum, and 
15 minutes later the mixing of the radio- 
active scandium began. The caps were re- 
moved from the bottles, as they were 
Each bottle was taken up with 
4 ft. tongs and was held as the operator 
climbed four steps of the ladder to empty 
the contents into the drum. 


was assumed 


needed. 
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During this operation several drops of 
undiluted material spilled on the front of 
the drum, onto the timber and the sand. 
Each bottle, as it was emptied, was rinsed 
in a 10 qt. bucket, and the contents of the 
rinsed bottle were poured into the drum. 
During the rinsing operation contaminated 
water spilled on the face of the drum. Table 
1 shows radiation intensities during this 
TABLE 1.—Radiation Intensities During Mixing of 


Sc Thirty Feet in Front of Unshielded 
Drum 


Radiation Intensities, Mr/Hr.* 
Removal of Vial After Contents Dumped 
from Pig into Drum 


100 80 to 100 


* Mr/hr., milliroentgens per hour 
operation 30 ft. away and directly in front 
of the unshielded part of the drum. 

Dosimeters were read after the first bot- 
tle was poured into the drum. The dosim- 
the personnel directly 
associated with Sc*® read in excess of 200 
mr. A_ third 170 
Table 2 shows intensities at varying dis- 


eters worn by 


dosimeter showed mr. 


TABLE 2.—Radiation Intensities After Introduction 
of Sc* into Drum 


Distance from Drum, Radiation Intensity, 
Ft. Hr.* 


Mr 
2 10,000 
3 6,000 
6 2,000 
12 600 
30 100 
60 40 


* Mr/hr. milliroentgens per hour 


tances from the unshielded part of the drum 
after Sc*® was added. 

By remote control a valve from the 
drum was opened, and the radioactive mix- 
ture flowed into the sewage system. It took 
an hour for the material to flow in. By 
10 a.m. the operation was completed, and 
the treatment plant returned to normal op- 
erations. 


Decontamination Procedures 


After Sc*® was introduced, high radiation 
All 


equipment was flushed with Versene in hot 


was found around the dosing drum. 


water, but the flushing did not reduce radia- 
Table 3 shows in- 


tensities after initial flushing. 


tion to a safe level. 


TasLe 3.—Radiation Intensities After Initial 
Flushing 


Radiation 
Intensity, 
Mr/Hr.* 


Location 


Top of rotameter 500 
Piping upstream of rotameter 500 to G00 
Label on front of drum 2,400 


Roped off area 


* Mr/hr., milliroentgens per hour 


Despite further flushing the equipment 
continued to show high-radiation activity. 
The entire structure, therefore, was disas- 
sembled ; each, piece was steam-cleaned and 
monitored and was labeled with its intensity 
level. Wood which showed over 6.25 mr/hr. 
was sawed off and put aside for disposal 
When all radioactive 
waste was assembled, it was estimated that 


as radioactive waste. 


Fig. 2.—Jack C. Rogers, Director, Division of 
Occupational Health, Los Angeles City Health 
Department, is using a mobile telephone to com- 
municate with other members of the radiation 
monitoring team. 
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the contents of the waste drum _ were 
equivalent to 476 millicuries of Sc*#®. A 
private firm was awarded a contract to dis- 
pose of the waste, and special precautions 
were taken to see that it was safely handled 
with respect to the public and to the people 
disposing of it. 

After the waste was removed, the moni- 
toring team found three small areas where 
radiation exceeded 6.25 mr/hr. at the sur- 
face. These were marked, and Division 
personnel continued to survey the area until 
a final clean-up operation reduced radiation 
to safe levels. 


Fig 3.—While one 
group monitored at the 
sewage plant, others trav- 
eled up and down the 
nearby beaches in a jeep 
taking water samples to 
be analyzed in the mobile 
radiation laboratory, left 
background. Los Angeles 
City, Los Angeles County, 
and California Health 
Department personnel 
took part in the monitor- 
ing operations. 


General Comments 


This is what 
Hyperion study: 


was learned from the 

i. Although a general plan of operation was pre- 
pared and presented, it became apparent during 
the trial run that a more detailed plan was 
necessary. 

An insufficient number of adequately trained 
personnel took part in the dosing operation. 
The dosing structure was improperly designed 
tor handling radioactive materials. 

(a) Wood and sand are highly absorbent ma- 
terials, difficult to decontaminate. 

(bh) The structure should have been shielded 
on all four sides and the top and bottom. 

Much of the equipment was inadequate. 

(a) Handling of radioactive material should 
never be done on an unrailed ladder or 
platform. 
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(b) The remote handling equipment for mov- 
ing the bottles did not allow a firm grip 
and required operators to approach too close 
to the radioactive material. 

Self-reading dosimeters should have been 
provided the operators by the firms in- 


volved to determine immediate evaluation 
of short-time exposures. 

The dosimeters that were used were supplied 
by the monitoring team. 

3ecause of the lack of adequately trained per- 
sonnel the members of the radiation monitoring 
team had to assume direct supervision of de- 
It had been believed 
that the monitoring team was to participate only 
as observers 


contamination operations. 


Recommendations for Future 
Operations 


1. A complete, step-by-step plan of op- 


eration should be provided when radio- 
active materials are used. 

(a) A trial run should duplicate in every way 
the actual operation with the exception of 
the use of radioactive material. 

(b) The should include the 
number of men directing and engaged in 
the operation as well as their qualifications. 


operations plan 


The operations plan also should include a 
list of materials, plans for 
equipment, containers, 


any special 

remote handling 
equipment, monitoring and survey devices 
and should estimate anticipated intensity of 
radiation. 

Materials such operations 

should be nonabsorbent and of a dis- 


used in 


1 
6. 
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posable nature. (In this operation water can be broken in the dosing drum. 
should have been used as a shield in- 
stead of sand; plastic liners and stain- 
less steel should have been used 
instead of more readily contaminated 
substances. ) 


avoiding the rinsing operation and the 
carrying of open bottles. 


Jack C. Rocers, Director 

Division of Occupational Health 

Los Angeles City Health Department 
Los Angeles, Calif. 


Provisions should be made that 
sealed bottles of radioactive solution 


OCCUPATIONAL HEALTH 
PROGRAM PRESENTS COURSES 
ON NOISE PROBLEMS 


The pathology amphitheater of the Uni- 
versity of Washington Health Sciences 


which members of the Occupational Health 
Program wound up a four-city instruction 
suilding, in Seattle, was a unique setting in tour last summer. In Salt Lake City, Berke- 


Herbert H. Jones, Industrial Hygiene Engineer with the Occupational Health Field Head- 
quarters, left center, stands amid the equipment of a pathology amphitheater to talk on 


noise problems. More than 100 persons attended this three-day course at the University of 
Washington, in Seattle. 
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ley, Calif., Portland, Ore., and Seattle, 
two- and three-day courses were given on 
“Industrial Noise: Its Significance, Meas- 
urement and Control.” 

Instructors were Charles D. Yaffe, Chief 
of Program Services for the Occupational 
Health Program, and Herbert H. Jones, 
industrial hygiene engineer. 

Shown in the photograph is Mr. Jones 
lecturing in the pathology amphitheater. 
More than 200 industrial hygienists and 
others from official agencies, industry, and 
medicine in the occupational health field 
attended the four courses. 

The first course on noise problems, proto- 
type of the series, was given a year ago in 
Austin, Texas. To demonstrate various 
types of noise, Mr. Yaffe and Mr. Jones 
carried with them tape recordings of office, 
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street, industrial, and other environmental 
sounds. 

The first day of study dealt with noise as 
it applies to the worker and to industry in 
terms of productivity, profits, and public 
relations, as well as the public health as- 
pects of noise. Students were given some 
insight into the physics of sound and_ the. 
physiology of hearing, the relation of noise 
to hearing loss, the use of protective devices 
and methods of measuring hearing acuity. 

On the second day, the students were 
given instruction in noise measurement and 
use of measuring equipment and learned 
some of the basic principles of noise control 
and their application. 

Field trips were also included to demon- 
strate some of the problems encountered in 
trying to make accurate measurements, 


OCCUPATIONAL HEALTH AND 


THE SANITARIAN’S PERSPECTIVE 


The following article, giving a sanitarian’s 
perspective on the participation of local occupa- 
tional health departments in occupational health 
programs, was adapted from a talk gtven by 
J. R. Young, Sanitation Consultant, Bureau of 
Adult Health, California State Health De- 
partment. The talk was presented before the 
Fifth Annual on Environmental 


Sanitation of 


Symposium 
the California Association of 


Sanitartans. 


California has had a Bureau of Indus- 
trial Hygiene since 1937, and industrial hy- 
giene units were established in Los Angeles 
County and in the city of Los Angeles a 
short time later. 

Since 1937, and especially in the last five 
years, the population growth of California 
has been phenomenal. The State, with a 
population of more than 13,000,000 as of 
July, 1955, has increased 2,250,000 since 
1950. 

Industrial expansion is keeping pace with 
the population increase, and along with these 
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the need and demand for occupational health 
services are increasing. The civilian em- 
ployment in 1955 exceeded 5,000,000 work- 
ers. Over the recent years many large 
industries have developed their own indus- 
trial health programs. But in California, as 
elsewhere in the country, the small indus- 
tries predominate to the extent that, out of 
240,000 reporting industrial units, 98.5% 
employ less than 100 workers each. Usually 
the small industries are unable to provide 
needed occupational health services for the 
workers and must rely upon official agencies 
for assistance. 

The number of full-time professional in- 
dustrial hygienists in the State and_ local 
health departments is 35. The procurement 
of more personnel for this work poses prob- 
lems because of the current shortage of 
trained industrial hygienists and often in- 
adequate budgets. Moreover, many local 
health departments cannot justify the em- 


ployment of full-time industrial hygiene 
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personnel, although they can contribute a 
great deal in furthering the total health of 
workers. Thus, some means had to be devel- 
oped to meet the increasing demands the 
local health departments were receiving for 
occupational health services. 

In California there are several hundred 
highly trained sanitarians working in local 
health departments and routinely serving 
their communities. Their experience and 
broad knowledge of public health have 
qualified them to assist industry through 
an industrial sanitation program. To help 
the local health departments meet their re- 
sponsibilities in occupational health and to 
help compensate for the gap between the 
demand for services and the availability of 
trained personnel, the California Bureau of 
Adult Health has developed a “Guide for 
Occupational Health Services in 
Health Departments.” The Guide suggests 
ways to help local departments ranging in 
size from one sanitarian and a nurse to the 
larger staffed units employing specialized 
personnel. The Guide was accepted last year 
by the California Conference of 
Health Officers. 

Industrial sanitation, one phase of occu- 
pational health, is merely applying commu- 
nity sanitation principles to industry. A 
sanitarian can render intelligent guidance to 
industry in the fields of sewage and indus- 
trial waste disposal, water supply, washing 
locker-room facilities, housekeeping, 
and in other environmental areas. He can 
further aid by informing industry of the 
services his department has to offer, such as 


Local 


Local 


and 


chest x-ray programs, venereal disease con- 
trol education, and the home-visiting pro- 
gram of the nursing staff. He can also 
bring to industry’s attention the services 
available from the State Health Department. 
The Bureau’s program furthers the use 


Allan L. Coleman, Chief Industrial Hygienist for the Connecticut 


of the sanitarian in occupational health 
through a simple in-service training pro- 
gram. Demand for this training has in- 
creased so much in the last two years that 
the Bureau is almost unable to keep up with 
it. The training not only includes basic 
sanitation as it pertains to industry but also 
involves recognition of potential occupa- 
tional health hazards in industrial operations 
for reference to the State Bureau. The 
Sureau is constantly striving to bring occu- 
pational health knowledge to the sanitarian 
through institutes and brochures and by 
having district sanitarians accompany mem- 
sureau field staff on field studies 
Individual train- 


bers of the 
in their respective areas. 
ing is given when requested by health offi- 
cers. 

To equip himself better to solve industrial 
problems that are pretty certain to come his 
way, the sanitarian should obtain the an- 
swers to questions such as these: 

1. What local sanitation ordinances are applic- 
able to industry? 

2. How can recommendations for good sanita- 
tion practice be used to improve substandard con- 
ditions ? 

3. What direct consultative occupational health 
service does the State Health Department offer ? 

4. What additional services can the local health 


department render? 
5. What community resources are available? 


The increasing need for broader occupa- 
tional health services brings with it these 
challenges: (1) to the local health officer 
to assume responsibilities in the field of oc- 
cupational health; (2) to the field sanitar- 
ians to prepare themselves to recognize 
occupational hazards so that proper steps 
for control may be taken, and (3) to the 
State and the Bureau of Adult Health to 
assist more effectively in preparation and 
and local health 


training of sanitarians 


personnel. 


State Department of Health, Bureau of Industrial Hygiene, completed 
25 years of service with the Bureau on Sept. 1. In honor of the quarter 


century, friends gave him a testimonial dinner at Hartford, Conn. 
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Mr. Coleman was graduated in 1930 from the University of Illinois 
and the following year went to work for the Bureau of Industrial Hygiene 
of the Connecticut State Health Department. He was made assistant 
industrial hygienist in 1933 and in 1937 was promoted to his present 
post, chief industrial hygienist. He belongs to the American Conference 
of Governmental Industrial Hygienists, is Chairman of the A. C. G. I. H. 
Threshold Limits Committee, and also is a member of the American 
Chemical Society and the American Public Health Association. 


Dr. Seward E. Miller Goes to Michigan; Succeeded in 


Post by Dr. A. L. Chapman 


Dr. Seward E. Miller, Chief of the Di- 
vision of Special Health Services in the 
Public Health Service, U. S. Department 
of Health, Education, and Welfare, has re- 
turned to his Alma Mater, the University 
of Michigan, as Director of the Institute 
of Industrial Health of the University’s 
Medical School and School of Public Health. 

Dr. Miller, Chief of the Occupational 
Health Program from March, 1951, to 
April, 1954, completed his undergraduate 


Dr. Seward E. Miller 
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work at the University of Michigan and re- 
ceived his Doctor of Medicine degree from 
Michigan in 1931. 

His successor as Chief of the Division 
of Special Health Services, Dr. A. L. Chap- 
man, was named a short time after Dr. 
Miller assumed his new duties at Michigan 
last fall. 

When Dr. Miller came into the occupa- 
tional health field, the unit which he headed 
was known as the 


Division of Industrial 


Dr. A. L. Chapman 
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Hygiene. In December, 1951, the name was 
changed to Division of Occupational Health, 
incorporating the entire concept of occupa- 
tion, not just industry, as the program’s 
field of interest. 

Under this broadened scope of occupa- 
tional health activity, the Public Health 
Service expanded its studies of the problems 
of agricultural workers and of the effects 
of health and welfare benefit plans and 
started investigations into the problems of 
small-plant medical programs. 

Dr. Miller received his specialty training 
in pathology. He is a member of the Amer- 
ican Society of Clinical Pathologists as well 
as of the American Medical Association, the 
American Public Health Association, the 
American Conference of Governmental In- 
dustrial Hygienists, and other professional 
societies. 

Dr. Chapman, Dr. Miller's successor, 
came to the Division of Special Health 
Services from New York, where he was 
Regional Medical Director for Region II, 
Public Health Service. 

Dr. Chapman received his undergraduate 
training at Cornell University and his Doc- 
tor of Medicine degree from Long Island 


The Public Health Service annually dur- 
ing the summer months calls to active duty 
medical students from all parts of the coun- 
try and provides them opportunities to ob- 
tain training and experience in the many 
fields pertaining to Public Health. Such 
medical students are commissioned in the 
Reserve Corps of the Public Health Service 
and are able to retain their commissions on 
an inactive status on return 
school. 

Three students in the photograph were 
assigned during the past summer to the Em- 
ployee Health Service of the National In- 


to medical 


N. I. H. HEALTH SERVICE TRAINS 
SUMMER STUDENTS 


College of Medicine. In 1941, he received 
a Master of Public Health degree from 
The Johns Hopkins University. He is a 
diplomate of the National Board of Medical 
Examiners and of the American Board of 
Preventive Medicine and Public Health. 

In his Public Health Service career he 
has served with the State health departments 
of New Jersey, Delaware, and West Vir- 
ginia and was in Washington, D. C., from 
1946 to 1954 as assistant chief of the Di- 
of States Relations and 
Chief, Chronic Disease Division. 


later as 
In 1951, 
he became Regional Medical Director for 
Region III in Washington, a post which 
he held until 1954, when he went to Region 
Il in New York. 

Dr. Chapman has written extensively dur- 
ing his career and is a member of the 
American Medical Writers’ Association, in 
addition to his other professional affilia- 
tions. Currently, he is chairman of the 
American Public Health Association Sub- 
committee on Accident Prevention and a 
member of the Planning Committee, Sec- 
ond National Conference on Home Acci- 
dents, and of the advisory committee to the 
New York City Inventory of Illness. 


vision 


stitutes of Health, Bethesda, Md., where 
they were able to obtain a first-hand picture 
of occupational medicine in action. Obtain- 
ing such experience during medical school 
years will enable them to gain a better un- 
derstanding of occupational medicine with 
its many interrelationships with the other 
specialties in medicine, engineering, and 
social sciences. 

In addition to participating actively in 
all aspects of a well-rounded employee health 
program, the students gained particular 
experience in several areas commonly not 
a part of the average industrial medical 
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Medical students in training at the National Institutes of Health last summer are shown 
with members of the N. I. H. staff. Left to right they are Seymour Beyer, George Washing- 


ton University; Dr. Walter Thayer, Assistant Chiet, N. I. 


H. Employee Health Service; 


Dr. John M. Lynch, Chief, N. I. H. Employee Health Service; Ernest V. Nau, University 


of Texas, and Alien S. Gerber, University of 


rheumatic 
heart disease control through the prevention 


program. The importance of 
of streptococcal sore throats has been em- 
phasized during recent years. Throat cul- 
tures are obtained on all employees coming 
to the department with complaints of sore 
throat of any severity. Utilizing sheep’s- 
blood agar, it has been relatively simple to 
culture and identify B-hemolytic Strepto- 
coccus, the organism responsible for the 
initial throat infection which precedes an 
attack of rheumatic fever. Referrals to per- 
sonal physicians for antibiotic therapy are 
made when throat cultures are positive. In 
addition to safeguarding the health of the 
particular employee involved, sources of in- 
fection for other employees likewise are 
eliminated. On many occasions, cultures 
were positive for B-hemolytic Strepcococcus 
when symptoms were relatively minor; yet 
the aftermath, rheumatic fever, could have 
occurred had the initial infection not been 
treated promptly. 
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Maryland. 


The taking of throat cultures and the 
reading of plates was found to be simple 
and quick and readily adaptable to most 
industrial medical departments in which 
there is a physician and a minimum of 
laboratory space and equipment. 

The early diagnosis of unsuspected cancer 
was another area of preventive medicine 
that was stressed during the students’ sum- 
mer assignment. Early detection of uterine 
cancer is being attempted through periodic 
evaluations of vaginal cytology. For the 
second consecutive year, all women em- 


ployees have been offered vaginal cytology 
examinations, and approximately 80%, or 
1400 women, have availed themselves of 
this opportunity each year. 


During the first year, two carcinomas-in- 
situ and one early invasive malignancy of 
the cervix were diagnosed in symptom-free 
women. Although the second year survey 
is not yet completed, no additional malig- 
nancies have been discovered. Again the 
simplicity of obtaining smears is stressed, 
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with the impression that such a program 
could be readily adopted by most industrial 
Nurses obtain the 
specimens and prepare the slides which are 
interpreted by local pathologists who coop- 
erate in the program. All positive and sus- 


medical departments. 


picious findings are referred to personal 

physicians for treatment and follow-up. 
Industrial medicine has been slow in par- 

ticipating in cancer 


detection programs 


other than those directly related to occupa- 
tional The 


cytology survey appears to be one concrete 


exposures. periodic vaginal 
way in which industrial medicine can con- 
tribute to cancer detection. 


Joun M. M.D. 
Medical Officer-In-Charge 
Employee Health Service 
National Institutes of Health 
Bethesda, Md. 
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Benjamin Franklin Letter Describes Sources 
of Occupational Lead Poisoning 


The following material ts taken from a letter 
written about 1784 by Benjamin Franklin. 
Although better known for some of his other 
activities, kite flying in thunderstorms, diplo- 
macy, stove designing, and the creating of wide 
maxims, the observant and prolific franklin not 
only was aware of the occupational sources of 
some sicknesses but also wrote at length about 
them. 


Dear Friend, 

I recollect that when I had last the 
pleasure of seeing you at Southampton we 
had some conversation on the bad effects of 
lead taken inwardly; and that at your re- 
quest I promised to send you in writing a 
particular account of several facts I then 
mentioned to you, of which you thought 
some good use might be made. 

The first thing I remember of this kind 
was a general discourse in Boston, of a 
complaint North Carolina against 
New England rum, that it poisoned their 
people, giving them the dry bellyache with 
a loss of the use of their limbs. The dis- 
tilleries being examined on the occasion, it 
was found that several of them used leaden 
stillheads and worms, and the physicians 
were of the opinion that the mischief was 
occasioned by the use of lead. The legisla- 
ture of Massachusetts thereupon passed an 
act, prohibiting, under severe penalties, the 
use of such stillheads there- 
after. 


from 


and worms 


In 1724, being in London, I went to 
work in the printing-house of Mr. Palmer, 
Bartholomew Close, as a compositor. I 
there found a practice, | had never seen be- 
fore, of drying a case of types (which are 
wet in distribution) by placing it sloping 
before the fire. I found this had the addi- 
tional advantage, when types were not only 
dried but heated, of being comfortable to 
the hands in cold weather. I therefore 
sometimes heated my case when the types 
did not want drying. But an old workman, 
observing it, advised me not to do so, tell- 
ing me | might lose the use of my hands 
by it. as two of our companions had nearly 
done, one of whom that used to earn his 
guinea a week could not then make more 
than 10 shillings, and the other, who had 
the dangles, but seven and sixpence. 

This, with a kind of obscure pain that 
I had sometimes felt, as it were, in the 
bones of my hand when working over the 
types made very hot, induced me to omit 
the practice. But talking afterward with 
Mr. James, a letter-founder in the same 
Close, and asking him if his people, who 
worked over the little furnaces of melted 
metal, were not subject to that disorder; he 
made light of any danger from the effluvia, 
but ascribed it to particles of the metal 
swallowed with their food by slovenly 
workmen who went to their meals after 
handling the metal, without well washing 
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their fingers so some of the particles were 
taken off by their bread and eaten with it. 
This appeared to have some reason in it, 
but the pain I had experienced made me 
still afraid of those effluvia. 

Being in Derbyshire at some of the fur- 
naces for the smelting of lead ore, I was 
told that the smoke of those furnaces was 
pernicious to the neighbouring grass and 
other vegetables; but I do not recollect to 
have heard anything of the effect of such 
vegetables eaten by animals. It may be well 
to make the inquiry. 

* ok * 

When I was in Paris with Sir John 
Pringle in 1767, he visited La Charité, a 
hospital particularly famous for the cure of 
that malady (dry bellyache), and brought 
from thence a pamphlet containing a list of 
the names of persons, specifying their pro- 
or trades, who had been cured 
there. I had the curiousity to examine that 
list, and found that all of the patients were 


fessions 


of trades that, some way or other, use or 
work in lead; such as plumbers, glaziers, 
painters, &c., excepting only two kinds, 
stonecutters and soldiers. In them I could 
not reconcile it to my notion, that lead was 
the cause of that disorder. But on my 
mentioning it to a physician of that hospital, 
he informed me that stonecutters are con- 
tinually using melted lead to fix the ends 
of balustrades in that the 


soldiers had been employed by painters as 


stone; and 
laborers, in grinding colors, 
This, my dear friend, is all I can at pres- 
ent recollect on the subject. You will see 
by it that the opinion of this mischievous 
effect from lead is at least above sixty 
years old; and you will observe with con- 
cern how long a useful truth may be 
known and exist, before it is generally re- 
ceived and practised on. 
I am, ever, yours most affectionately, 
B. FRANKLIN 


A pathologist and a biochemist have been added to the staff of the 
Occupational Health Field Headquarters, in Cincinnati. The Cincinnati 
installation is the principal laboratory of the Occupational Health Pro- 
gram, Public Health Service, U. S. Department of Health, Education, 
and Welfare. 

The new pathologist is Dr. Olga J. Dobrogorski, a native of Poland, 
trained at the University of Tartu in Estonia and the University of 
Tuebingen in Germany. She received her doctor of medicine degree from 
the University of Erlangen in Germany in 1950 and came to the United 


States in September of that year. She interned at Samaritan Hospital in 
Troy, N. Y., and was resident in pathology at Mountainside Hospital, 


Montclair, N. J. From 1952 until she joined the Occupational Health 
Field Headquarters, she was pathologist at the Saranac Laboratory, 
Saranac Lake, N. Y. 

Dr. Richard Mendenhall, biochemist, is a native of Dayton, Ohio, and 
completed his undergraduate training at Ohio State University. He was 
awarded his Doctor of Philosophy degree from the University of Cali- 
fornia in 1951. 

He has been a research assistant and fellow, doing studies on corti- 
cotropin (ACTH) at the University of California, and a research bio- 
chemist for Veterans Administration Hospitals at Oakland, Calif., and 
Chicago, working on tuberculosis problems. Before coming to Cincinnati, 


he was associated with a joint Quartermaster Corps-General Electric Com- 
pany project in Schenectady, N. Y., studying the use of ionizing radiation 
in the preservation of food. 
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* Easy to understand 
* Practical information 


“What sounds can be considered injuri- 
ous to hearing?” . . . “How can noise 
harm the ears of those exposed to it?” 
. . . “How does noise constitute a safety 
problem?” . . . “How can plant manage- 
ment know when sound measurements 
should be made?” . . . ““What is usually 
involved in noise reduction?” .. . “How 
can hearing tests be conducted?” 

These are just a few of the questions 
asked, and answered in this valuable 
digest of industrial noise information. 
It was prepared to offer guidance for 
determining if a plant noise problem 
exists, and if it does, what basic steps 
can be taken to solve the problem. 

If you are concerned with any phase 
of the noise problem . . . employee 
safety, production, compensation, em- 
ployee relations . . . you'll find profitable 
tips in this booklet. For your copy, 
simply fill in the coupon above, and 
mail. Your request will be handled * 
promptly. 
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